Searching PAJ 



1/1 ^-i? 



PATENT ABSTRACTS OF JAPAN 



(1 DPublication number : 2003-022971 
(43)Date of publication of application : 24.01.2003 



(SDlntCI. 




HOIL 21/20 
HOIL 21/205 
HOIL 33/00 
HOIS 5/323 






(21)Application number 


2001 -207241 


(71)Applicant 


SHOWA DENKO KK 




(22)Date of filing: 


09.07.2001 


(72)Inventor : 


UDAGAWA TAKASHI 


1 



1 OS 



(54) LAYERED STRUCTURAL UNIT. ITS MANUFACTURING METHOD. UGHT EMITTING DEVICE 
LAMP. AND UGHT SOURCE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a high quality crystal 
layer within a temperature range much wider than that 

obtained by a conventional constitution, to form a boron ti Av 

phosphite system semiconductor layer which comprises a • 

crystal surface having a constant surface index without * 'Lr^— 0 9 

depending upon a surface index of a substrate surface and is 
formed so as to have the surface index agree with a direction 

showing clear cleavage, and to make a layered structural unit | (j 4 

from the boron phosphite system semiconductor layer. ' 
SOLUTION: After a buffer layer made of amorphous or ' J O 3 

polycrystalline boron phosphite system semiconductor is 

formed on a semiconductor substrate, a {1 lOl-boron phosphite {' 1 O 2 

system semiconductor crystal layer is formed within a 
temperature range of 750' C-1200* C on the buffer layer. 
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* NOTICES ♦ 
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damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 
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CLAIMS 

[Claim(s)] 

[Claim 1] The laminating structure characterized by providing the Lynn-ized boron system semiconducting 
crystal layer (it being called a {1 1 0l-Lynn-ized boron system semiconducting crystal layer.) to which it comes 
to carry out the laminating of the crystal face which sets to {1 10} the indices of crystal plane of a front face 
parallel to the front face of a single crystal substrate prepared on the single crystal substrate, the buffer coat 
which consists of an amorphous substance prepared in the front face of this single crystal substrate, or a 
Lynn-ized boron system semi-conductor of polycrystal, and this buffer coat. 

[Claim 2] The laminating structure according to claim 1 characterized by preparing the {1 10}-Lynn-ized boron 
system semiconducting crystal layer on the front face of the cubic single crystal substrate which sets indices 
of crystal plane to {100}. 

[Claim 3] The laminating structure according to claim 1 characterized by preparing the {11 0}-Lynn-ized boron 
system semiconducting crystal layer on the front face of the cubic single crystal substrate which sets indices 
of crystal plane to {111}. 

[Claim 4] The laminating structure given in claim 1 characterized by consisting of Lynn-ized boron system 
semi-conductors of the polycrystal with which the buffer coat prepared on the single crystal substrate 
includes the crystal face which carries out indices of crystal plane except {110} thru/or any 1 term of 3. 
[Claim 5] The laminating structure according to claim 4 characterized by consisting of Lynn-ized boron system 
semi-conductors of the polycrystal with which the buffer coat prepared on the single crystal substrate 
includes the crystal face which sets indices of crystal plane to 1/H, and {1 / K1/L} (each of H, K, and L is a 
positive integer). 

[Claim 6] The laminating structure given in claim 1 characterized by consisting of ingredients with which a 
{1 10}-Lynn-ized boron system semiconducting crystal layer contains the Lynn-ized boron (boron 
monophosphide) of the monomer which makes the band gap in a room temperature 3.0**0.2 electron volts 
(eV) thru/or any 1 term of 5. 

[Claim 7] The manufacture approach of the laminating structure given in claim 1 characterized by forming a 
{110}-Lynn-ized boron system semiconducting crystal layer on this buffer coat in 750-degree-C or more 
temperature requirement 1200 degrees C or less after forming the buffer coat which consists of an amorphous 
substance or a Lynn-ized boron system semi-conductor of polycrystal on a single crystal substrate thru/or 
any 1 term of 6. 

[Claim 8] The manufacture approach of the laminating structure according to claim 7 characterized by forming 
a {110}-Lynn-ized boron system semiconducting crystal layer on this buffer coat in 750-degree-C or more 
temperature requirement 1200 degrees C or less after forming the buffer coat which consists of an amorphous 
substance or a Lynn-ized boron system semi-conductor of polycrystal on the single crystal substrate which 
makes a front face the {100} crystal faces. 

[Claim 9] The manufacture approach of the laminating structure according to claim 7 characterized by forming 
a {1 10}-Lynn-ized boron system semiconducting crystal layer on this buffer coat In 750-degree-C or more 
temperature requirement 1200 degrees C or less after forming the buffer coat which consists of an amorphous 
substance or a Lynn-ized boron system semi-conductor of polycrystal on the single crystal substrate which 
makes a front face the {111} crystal faces. 

[Claim 10] The manufacture approach of the laminating structure given in claim 7 characterized by forming the 
buffer coat which consists of an amorphous substance or a Lynn-ized boron system semi-conductor of 
polycrystal at low temperature rather than a {1 1 0}-Lynn-ized boron system semiconducting crystal layer 
thru/or any 1 term of 9. 

[Claim 11] The manufacture approach of the laminating structure given in claim 7 characterized by forming the 
buffer coat which consists of an amorphous substance or a Lynn-ized boron system semi-conductor of 
polycrystal at 250-degree-C or more temperature of 700 degrees C or less thru/or any 1 term of 10. 
[Claim 12] After forming the buffer coat which consists of an amorphous substance or a Lynn-ized boron 
system semi-conductor of polycrystal at 250-degree-C or more temperature of 700 degrees C or less, it 
heat-treats to a buffer coat at an elevated temperature more. The manufacture approach of the laminating 
structure given in claim 7 characterized by forming the buffer coat which consists of a Lynn-ized boron 
system semi-conductor of the polycrystal which has the crystal face which sets indices of crystal plane to 
1/H, and {1 / K1/L} (each of H, K, and L is a positive integer) thru/or any 1 term of 1 1. 
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[Claim 13] The light emitting device using the laminating structure given in claim 1 possessing the buffer coat 
which consists of a (1 10}-Lynn-ized boron system semiconducting crystal layer thru/or any 1 term of 6. 
[Claim 14] The light emitting device using the laminating structure given in claim 1 possessing the barrier layer 
which consists of a {1 1 0}-Lynn-ized boron system semiconducting crystal layer thru/or any 1 term of 6. 
[Claim 15] The light emitting device using the laminating structure given in claim 1 possessing the current 
inhibition (constriction) layer which consists of a {11 0}-Lynn-ized boron system semiconducting crystal layer 
thru/or any 1 term of 6. 

[Claim 16] The light emitting device using the laminating structure given in claim 1 possessing the electrode 
contact layer which consists of a {1 lOl-LynnHzed boron system semiconducting crystal layer thru/or any 1 
term of 6. 

[Claim 17] The light emitting device using the laminating structure given in claim 1 possessing the semi- 
conductor multilayers reflecting mirror with which at least a part consists of a (110}-Lynn-lzed boron system 
semiconducting crystal layer thru/or any 1 term of 6. 

[Claim 18] The lamp using a light emitting device given in claim 13 thru/or any 1 term of 17. 
[Claim 19] The light source using a lamp according to claim 18. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the laminating structure equipped with the Lynn-ized boron 
(BP) system semiconducting crystal layer which has the front face of indices of crystal plane which is 
different from the indices of crystal plane of a single crystal substrate front face, and its manufacture 
approach. Moreover, it is related with the light emitting device, the lamp, or the light source produced from the 
laminating structure. 
[0002] 

[Description of the Prior Art] As for Lynn-ized boron (BP), ionicity has with 0.006 the description from which 
it can be easy to obtain the semi-conductor layer of low (refer to the Philips work, a "semi-conductor joint 
theory" (Yoshioka Shoten, July 25, 1985 issue, the 3rd **), and 49 - 51 pages) especially p form conductivity. 
The property of such Lynn-ized boron (BP) acts for constituting the light-emitting part of a pn junction mold 
simple at dominance. For this reason, the technique which constitutes light emitting devices, such as light 
emitting diode (LED) or a laser diode (LD), from the laminating structure equipped with the Lynn-ized boron 
system group-III-V-semiconducter layer is indicated from the former (refer to JP,2-288388,A). In the former, 
the laminating structure of a light emitting device application is constituted considering group-III-V- 
semiconducter single crystals, such as gallium phosphide (GaP) and gallium nitride (GaN). as a substrate (refer 
to ** JP.2-275682.A and ** JP.10-247745.A each official report). Moreover, the silicon (Si) single crystal 
(silicon) is known as another substrate ingredient (refer to U.S. Pat. No. 6,069,021 number). Moreover, silicon 
carbide (SiC) is also used as a substrate ingredient (refer to patent No. 2,809,690). 
[0003] In the former, the Lynn-ized boron system semi-conductor layer is used as various stratum 
functional. For example, the green laser diode (LD) of the current constriction mold equipped with the Lynn- 
ized boron (BP) layer as a current blocking layer is indicated by invention given in JP,10-242569,A. Moreover, 
there is also a well-known example which makes the laminating structure possess the Lynn-ized boron (BP) 
layer as a contact (contact) layer for forming an ohmic (Ohmic) electrode (refer to JP, 10-242568, A). 
Moreover, the light emitting diode (LED) equipped with the Lynn-ized boron (BP) layer as a buffer coat is also 
well-known (refer to JP,1 0-24251 4.A). In order to ease better the lattice mismatch (mismatch) of a substrate 
ingredient and a laminating structure configuration layer especially, the example which constitutes the so- 
called low-temperature buffer coat formed at low temperature in comparison from a Lynn-ized boron (BP) 
system semi-conductor layer is known (refer to the above-mentioned U.S. Pat. No. 6,069,021 number). For 
example, the technique which constitutes a buffer coat from gallium phosphide and boron (BXGa1-XP:0 
<=X<=1) on silicon or a gallium phosphide (GaP) single crystal substrate is indicated (refer to J P,1 1-266006, A). 

[0004] On the other hand, when silicon is used as a substrate, the temperature as which the Lynn-ized boron 
(BP) layer of a single crystal is concluded is limited to the very narrow range of 1020 degrees C - 1070 
degrees C and at most 50 degrees C (refer to the Nishinaga **, "application physics", volume [ 45th ] No. 9 
(1976), and 891 - 897 pages). Only in this narrow temperature requirement, it is supposed that a Lynn-ized 
boron (BP) single crystal layer is obtained, and it is supposed that it is a polycrystal layer the Lynn-ized boron 
layer obtained at other low temperature or another elevated temperature (refer to the above-mentioned 
"application physics" and the 45th volume), moreover, a (lOO)-gallium phosphide (GaP) single crystal — a 
substrate — carrying out — diboron hexahydride (B-2 H6) / phosphine (PH3) / hydrogen (H2) system-of- 
reaction organic metal pyrolysis vapor growth (MOCVD) — it depends on law and there is also the 
conventional example which formed the Lynn-ized boron (BP) layer at 1150 degrees C (refer to 
Inst.Phys.Conf.Ser., No.l29 (lOP Publishing Ltd., 1993), and Chapter 3,157-162 pages). Even in this case, the 
Lynn-ized boron (BP) layer obtained is the so-called polycrystal layer in which the crystal face (100) and the 
other crystal face are intermingled (the Inst.Phys.Conf.Ser. No. 129 above-mentioned reference). 
[0005] When a cubic single crystal is used as a substrate, the indices of crystal plane of the Lynn-ized boron 
(BP) single crystal layer formed only in a very narrow temperature requirement are not dependent on a growth 
means, and are made the same as that of the indices of crystal plane on the front face of a substrate. For 
example, in halogen (halogen) vapor growth, the Lynn-ized boron (BP) single crystal layer which similarly sets 
indices of crystal plane to (11 1) is formed on the silicon substrate which sets indices of crystal plane to (11 1) 
(J. refer to Crystal Growth.13 / 14 (1972) or 346 pages), moreover, MOCVD — law — indices of crystal plane 
— or (100) (110) — ** — it is supposed that the Lynn-ized boron (boron monophosphide) of the monomer of 



http:/ / www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



06/04/10 



JP.2003-022971 .A [DETAILED DESCRIPTION] 2/1 4 ^— v 



the same indices of crystal plane is too formed on the front face of the silicon substrate to carry out (it is in 
Jpn.J.Appi.Phys., 13 (3) and (1974), and 411-416 pages, and see the 413 pages especially). That is, in the 
former, what can be used for, for example, constituting the laminating structure of a light emitting device 
application was the Lynn-ized boron (BP) crystal layer which grew with the same indices of crystal plane as 
the indices of crystal plane on the front face of a substrate (the Shono Katsufusa work, "semiconductor 
technology (above)" (refer to University of Tokyo Press and June 25, 1992 issue 9 **, 77 pages, and 99 
pages).). 

[0006] Moreover, about Lynn-ized boron (BP), various band gaps are reported from the former. For example, 

B. Stone and others has got the room temperature band gap of about 6 electron volts (eV) from the polycrystal 
BP film (Phys.Rev.Lett., Vol.4, No,6 (1960), 282-284-page **). Moreover, if it depends on Manca, the 4.2eV 
band gap is shown (J. refer to Phys.Chem.Solids. 20 (1961), and 268.). Moreover, it is supposed that it is the 
band gap of LynnHzed boron about 2eV (refer to **RCA Review, 25 (1964), 159-167 pages and 
**Z.anorg.allg.chem., 349 (1967), and 151-157 pages). In the present condition, the band gap in the room 
temperature of Lynn-ized boron (BP) is accepted noting that it is about 2eV (the Teramoto ****, 
"semiconductor device introduction" (refer to Baifukan Co., Ltd., the March 30, 1995 issue first edition, and 28 
pages).). For this reason, the semi-conductor property of the Lynn-ized boron (BP) system mixed crystal used 
for constituting the laminating structure of an LED application is designed considering the room temperature 
band gap of BP as 2eV (refer to JP,2-275682,A and JP,1 0-247760,A each official report). 

[0007] The technique which forms BP system mixed-crystal object of a higher band gap is also indicated using 
about 2eV LynnHzed boron (BP). For example, the 2.7eV band gap has been obtained from the superstructure 
of the alumimlum nitride gallium mixed-crystal (Ga0.5alumlnum0.5N) thin layer (thickness = Inm) of undoping 
(undope), and the Lynn-ized boron (BP) thin layer (thickness = Inm) (refer to JP, 10-247 745, A). Moreover, the 
3.0eV band gap has been obtained from the superstructure of a Ga0,5alumlnum0.5N thin layer (thickness = 
1.3nm) and the Lynn-ized boron (BP) thin layer (thickness = 0.7nm) (refer to JP,2-288371.A). Or the Lynn- 
ized boron system mixed crystal of a high band gap is obtained by considering as plural mixed crystal using 
Lynn-ized boron (BP) (refer to above-mentioned JP.2-288371.A). For example, the semi-conductor layer 
which sets the band gap of the 0.3B0.4N0.6P 0.45 yuan of Ga0.3aluminum to 3eV as mixed crystal has been 
obtained (refer to above-mentioned JP,2-288371 ,A). Moreover, for example, the semi-conductor layer which 
sets the band gap of the 0.25B0.50N0.60P 0.405 yuan of Ga0.25aluminum to 2.7eV as mixed crystal has been 
obtained (refer to above-mentioned JP.2-288371,A). 
[0008] 

[Probtem(s) to be Solved by the Invention] When a cubic single crystal is used as a substrate so that the 
above-mentioned Prior art may teach, the temperature requirement which can obtain the Lynn-ized boron 
(BP) system semi-conductor layer of the single crystal which has the same indices of crystal plane as a 
substrate is very narrow. Now, simple, it is stabilized and the laminating structure equipped with the Lynn-ized 
boron (BP) system semi-conductor layer cannot be formed, the hexagonal (hexagonal) silicon carbide (a-axis 
lattice constant **3.08A) with which the temperature requirement which can be concluded in the LynnHzed 
boron layer of a single crystal makes smailness a difference with the spacing (**3.21A) between the crystal 
faces (111) of Lynn-ized boron (lattice constant **4.54A) — a substrate — then, it is supposed that it can 
widen (refer to the above-mentioned "application physics", the 45th volume, and 894 pages). The temperature 
from which the Lynn-ized boron layer of a single crystal is obtained becomes 1050 degrees C - 1150 degrees 

C, and it is reported that the range can be widened to 100 degrees C (J. refer to Appl.Phys., 42 (1) and (1971). 
and 420 - 424 pages). 

[0009] Moreover, the indices of crystal plane of the LynnHzed boron layer are (111) to (0001) of a hexagonal 
substrate (above-mentioned J.Appl.Phys., 42 (1971) reference). The Lynn-ized boron (boron monophosphide) 
of a monomer is a cube zinc sulfide ore type (spharelite) (refer to the above-mentioned "semi-conductor joint 
theory" and 14-15 pages) crystal, and has clear cleavability in the [110] directions. Cleavage is not easy In 
the Lynn-ized boron crystal layer in which the crystal layer which the above-mentioned hexagonal silicon 
carbide presents clear cleavability, and Is not upwards and sets indices of crystal plane to (111) carried out 
the laminating. It does not come to constitute the laser diode which follows, for example, uses a cleavage 
plane as a resonance side simple. 

[0010] Moreover, in the conventional technique, since BP system semi-conductor layer constitutes BP which 
makes a band gap low with about 2eV as a parent ingredient. It did not come to obtain BP system mixed- 
crystal layer equipped with sufficient high prohibition width of face to penetrate luminescence of short 
wavelength. When giving an example, there was a fault in which the BXGa1-XP (0<=X<=1) mixed-crystal layer 
which sets a band gap to about 2.3eV at the maximum is formed and over which it does not pass from BP and 
GaP (band gap **2.3eV) which set a band gap to 2,0eV. Now, since short wavelength luminescence of a 
purple-blue color etc. will be absorbed, the problem to which LED of high brightness which is excellent in the 
drawing effectiveness of luminescence to the exterior is not brought had arisen from the Lynn-ized boron 
system semi-conductor preparation ***5Mc* structure of such a low band gap. for example. 
[001 1] With the conventional technique for on the other hand obtaining the semi-conductor layer of a higher 
band gap using the Lynn-ized boron (BP) which sets a band gap to about 2eV, the laminating of the about 
several nm ultra-thin film must be carried out by turns periodically, and it must consider as a superstructure, 
and In order to stabilize and control a presentation In the thickness list of the ultra-thin film, complicated and 
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redundant membrane formation actuation is needed. Moreover, the special membrane formation equipment for 
forming a superstructure is also demanded (refer to above-mentioned JP,2-288371 ,A). Furthermore, it is 
difficult to maintain the presentation of the configuration element of mixed crystal to stability with the 
conventional technique of forming the mixed crystal of 5 yuan (five elements) originally, using the small Lynn- 
ized boron (BP) of a band gap, and obtaining the Lynn-ized boron (BP) system mixed-crystal layer of a higher 
band gap. In formation of mixed crystal, the number of configuration elements is increased, and common 
knowledge already becomes difficult [ stable membrane formation ], so that it is plural mixed crystal (refer to 
the above-mentioned "semiconductor device introduction" and 24 pages). It is stabilized, and it can form and 
aluminum-arsenide gallium (AIXGa1-)(As:0 <=X<=1) the mixed crystal of 3 yuan, and aluminium phosphide 
gallium indium (AI)<Ga1-X) (YIn1-YP:0 <=X<=1, 0<=Y<=1) the mixed crystal of 4 yuan are used (refer to the 
above-mentioned "semiconductor device introduction" and 24 pages). 

[0012] what was made that this invention should conquer the trouble of the above-mentioned conventional 
technique — it is — (**) — being possible in there being nothing to the former and obtaining a good crystal 
layer in a large temperature requirement — accomplishing — (**) — the ** independent of the indices of 
crystal plane on the front face of a substrate — from the crystal face of fixed indices of crystal plane — 
becoming — in addition — and (Ha) the technique for constituting the laminating structure from a Lynn-ized 
boron system semi-conductor layer formed so that it might agree in the direction in which the indices of 
crystal plane present clear cleavage shows, moreover, (**) — the manufacture approach which is forming the 
laminating structure possessing the Lynn-ized boron system semi-conductor layer which has the description 
of a publication in a **** (Ha) term with dominance is offered. Furthermore, it Is making into the meaning to 
offer the light emitting device which is excellent in the luminescence property produced from the laminating 
structure, the lamp (lamp) which used it for the list, and the light source. 
[0013] 

[Means for Solving the Problem] That is, this invention is the laminating structure equipped with the Lynn-ized 
boron system semi-conductor layer which carried out the laminating on the substrate of a single crystal, and 
is the laminating structure which equipped (following 1) thru/or following (6) terms with the description of a 
publication. 

(1) The laminating structure characterized by to provide the Lynn-ized boron system semiconducting crystal 
layer (for it to be called a {1 10}-Lynn-ized boron system semiconducting crystal layer.) to which it comes to 
carry out the laminating of the crystal face which sets to {110} the indices of crystal plane of a front face 
parallel to the front face of a single crystal substrate prepared on the single crystal substrate, the buffer coat 
which consists of an amorphous substance prepared in the front face of this single crystal substrate, or a 
Lynn-ized boron system semi-conductor of polycrystal. and this buffer coat. 

(2) The laminating structure given in the above (1) characterized by preparing the {1 10}-Lynn-ized boron 
system semiconducting crystal layer on the front face of the cubic single crystal substrate which sets indices 
of crystal plane to {100}. 

(3) The laminating structure given in the above (1) characterized by preparing the {1 10}-Lynn-ized boron 
system semiconducting crystal layer on the front face of the cubic single crystal substrate which sets indices 
of crystal plane to {111}. 

(4) The above (1) characterized by consisting of Lynn-ized boron system semi-conductors of the polycrystal 
with which the buffer coat prepared on the single crystal substrate includes the crystal face which carries out 
indices of crystal plane except {110} thru/or the laminating structure given in any 1 term of (3). 

(5) The laminating structure given in the above (4) characterized by consisting of Lynn-ized boron system 
semi-conductors of the polycrystal with which the buffer coat prepared on the single crystal substrate 
includes the crystal face which sets indices of crystal plane to 1/H. and {1 / K1/L} (each of H. K, and L Is a 
positive integer). 

(6) The above (1) characterized by consisting of ingredients with which a {1 10}-Lynn-ized boron system 
semiconducting crystal layer contains the Lynn-ized boron (boron monophosphide) of the monomer which 
makes the band gap in a room temperature 3.0**0.2 electron volts (eV) thru/or the laminating structure given 
in any 1 term of (5). 

[0014] Moreover, this invention is the manufacture approach of the laminating structure given in (following 7) 
thru/or following (12) terms. 

(7) The above (1) characterized by forming a {1 1 0}-Lynn-ized boron system semiconducting crystal layer on 
this buffer coat in 750-degree-C or more temperature requirement 1200 degrees C or less after forming the 
buffer coat which consists of an amorphous substance or a Lynn-ized boron system semi-conductor of 
polycrystal on a single crystal substrate thru/or the manufacture approach of the laminating structure given in 
any 1 term of (6). 

(8) The manufacture approach of the laminating structure given in the above (7) characterized by forming a 
{1 1 0}-Lynn-ized boron system semiconducting crystal layer on this buffer coat in 750-degree-C or more 
temperature requirement 1200 degrees C or less after forming the buffer coat which consists of an amorphous 
substance or a Lynn-ized boron system semi-conductor of polycrystal on the single crystal substrate which 
makes a front face the {100} crystal faces. 

(9) The manufacture approach of the laminating structure given in the above (7) characterized by forming a 
{1 1 0}-Lynn-ized boron system semiconducting crystal layer on this buffer coat in 750-degree-C or more 
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temperature requirement 1200 degrees C or less after forming the buffer coat which consists of an amorphous 
substance or a Lynn-ized boron system semi-conductor of polycrystal on the single crystal substrate which 
makes a front face the {111} crystal faces. 

(10) The above (7) characterized by forming the buffer coat which consists of an amorphous substance or a 
Lynn-ized boron system semi-conductor of polycrystal at low temperature rather than a {1 10}~Lynn-ized 
boron system semiconducting crystal layer thru/or the manufacture approach of the laminating structure 
given in any 1 term of (9). 

(11) The above (7) characterized by forming the buffer coat which consists of an amorphous substance or a 
Lynn-ized boron system semi-conductor of polycrystal at 250-degree-C or more temperature of 700 degrees 
C or less thru/or the manufacture approach of the laminating structure given in any 1 term of (10). 

(12) Heat-treat to a buffer coat at an elevated temperature more after forming the buffer coat which consists 
of an amorphous substance or a Lynn-ized boron system semi-conductor of polycrystal at 250 or more 
degrees-C temperature of 700 degrees C or less. The above (7) characterized by forming the buffer coat 
which consists of a Lynn-ized boron system semi-conductor of the polycrystal which has the crystal face 
which sets indices of crystal plane to 1/H, and {1 / K1/L} (each of H, K, and L is a positive integer) thru/or 
the manufacture approach of the laminating structure given In any 1 term of (11). 

[0015] Moreover, this invention is a light emitting device given in (following 13) thru/or following (17) terms. 

(13) Light emitting device using the laminating structure the above (1) possessing the buffer coat which 
consists of a {1 1 0}-Lynn-ized boron system semiconducting crystal layer thru/or given in any 1 term of (6). 

(14) Light emitting device using the laminating structure the above (1) possessing the barrier layer which 
consists of a {110}-Lynn-ized boron system semiconducting crystal layer thru/or given in any 1 term of (6). 

(15) Light emitting device using the laminating structure the above (1) possessing the current inhibition 
(constriction) layer which consists of a {1 1 0}-Lynn-ized boron system semiconducting crystal layer thru/or 
given in any 1 term of (6). 

(16) Light emitting device using the laminating structure the above (1) possessing the electrode contact layer 
which consists of a {1 1 0j-LynnHzed boron system semiconducting crystal layer thru/or given in any 1 term of 
(6). 

(17) The light emitting device using the laminating structure the above (1) possessing the semi-conductor 
multilayers reflecting mirror with which at least a part consists of a {1 10}-Lynn-ized boron system 
semiconducting crystal layer thru/or given in any 1 term of (6) [001 6] Moreover, this invention is the lamp 
which used the light emitting device of a publication for (18) above (13) thru/or any 1 term of (17). 

(19) The light source using a lamp given in the above (18). It comes out. 
[0017] 

[Embodiment of the Invention] The example which constitutes the laminating structure as 1st operation 
gestalt of this invention by using conductive n form or p form silicon as a substrate is given. In addition, it 
constitutes as a substrate using group-Ill- V-semiconducter single crystals, such as p form, n form gallium 
phosphide (GaP), gallium arsenide (GaAs), or Lynn-ized boron (BP) (refer to **J.EIectrochem.Soc., 120 (1973), 
p.p.802-806., and ** U.S. Pat, No. 5,042,043 number official report). A conductive crystal ingredient is 
depended on the electric conductivity of a substrate, then a substrate, and positive/negative and which polar 
ohmic (Ohmic) electrode can be laid at the rear face. Therefore, a conductive crystal substrate removes a 
part of laminating structure at the time of using sapphire etc. as an insulating substrate, and gives a 
convenience technical means to constitute a light emitting device for the complicated process (to refer to 
JP,1 0-321 907,A) of forming an electrode after exposing a conductive configuration layer front face, nothing 
and simple with needlessness. Especially the conductive single crystal substrate of low specific resistance that 
makes resistivity below 10 milli ohms (mohms) is effective in bringing about LED which stopped forward 
voltage (the so-called Vf) low. 

[0018] Moreover, the greatest description in the 1st operation gestalt of this invention is to arrange the buffer 
coat which consists of an amorphous substance or a Lynn-ized boron system semi-conductor of polycrystal in 
the middle of a substrate and the 1 configuration layer slack {1 1 0}-Lynn-ized boron system semiconducting 
crystal layer of the laminating structure. A buffer coat can consist of Lynn-ized boron system semi- 
conductors written for example, by general formula BalphaaluminumbetaGagammalnl -alpha-beta-gamma P1- 
deltaAsdelta (0< alpha<=1, 0<=beta<1, 0<=gamma<1, 0< alpha+beta+gamma <=1, 0<=delta<1). Moreover, it can 
constitute from a Lynn-ized boron system semi-conductor which contains the nitrogen (N) written by general 
formula BalphaaluminumbetaGagammalnl -alpha-beta-gamma PI-deltaNdelta (0< alpha<=1, 0<=beta<1, 
0<=gamma<1, 0< alpha+beta+gamma <=1, 0< delta<1), for example. Preferably, there are few configuration 
elements and it constitutes from a 2 yuan crystal which can be constituted simple, or 3 yuan mixed crystal. 
For example, it constitutes from monomer Lynn-ized boron (BP) aluminium phosphide and boron mixed crystal 
(BalphaaluminumbetaP: 0< alpha<=1, 0<= beta< 1 and alpha+beta= 1), Lynn-ized boron and gallium mixed 
crystal (BalphaGadeltaP: 0< alpha<=1, 0<= delta< 1 and alpha+delta= 1), or Lynn-ized boron, indium mixed 
crystal, etc. (BalphaIn1-alphaP:0<alpha<=1). The buffer coat which consists of an amorphous substance or 
polycrystal eases the stacking fault affinity of a substrate and a {1 10}-Lynn-ized boron system semiconducting 
crystal layer, and has the operation which brings about the {1 lOj-Lynn-ized boron system semiconducting 
crystal layer crystal defect consistencies, such as a misfit (misfit) rearrangement, excel [ layer ] in crystallinity 
small. 
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[0019] The buffer coat of an amorphous substance or polycrystal can also consist of Lynn-ized boron system 
semi-conductors which carry out lattice matching to the single crystal ingredient which constitutes a 
substrate (refer to JP, 2000-222 1 1, A). For example, the buffer coat which achieves a GaP single crystal 
(lattice constant **5.450A) substrate and lattice matching can consist of Lynn-ized boron and a gallium 
(B0.32Ga0.68P: lattice constant **5.450A), **-ized boron, a gallium {B0.23Ga0.77As: lattice constant 
**5.450A), etc. (refer to above-mentioned JP,2000-2221 1,A). Moreover, there are B0.02Ga0.98P as an 
example of a component of the buffer coat which carries out lattice matching to a silicon (lattice constant 
**5.431A) substrate. In addition to the above-mentioned operation, the buffer coat which carries out lattice 
matching to a substrate has effectiveness especially in preventing exfoliation of the configuration layer of the 
laminating structure from a substrate. Moreover, the buffer coat which consists of a Lynn-ized boron system 
semi-conductor is faced preparing the Lynn-ized boron system semi-conductor layer as the upper layer, since 
it offers the "growth nucleus" to which equal growth Is urged, is flat and can demonstrate the operation which 
brings about the continuous upper layer. Especially the buffer coat that consists of a Lynn-ized boron system 
semi-conductor when preparing the Lynn-ized boron system semi-conductor layer on the single crystal 
substrate which does not contain the configuration element, for example, a silicon substrate, achieves the duty 
of the adsorption site (site) of the element which constitutes the upper layer, and acts effective in promoting 
equal growth. 

[0020] the buffer coat which consists of a Lynn-ized boron system semi-conductor — MOCVD — law 
(Inst.Phys.Conf.Ser. and No.129 (lOP Publishing Ltd., 1993) — ) refer to the 157-162 page and a molecular 
beam — epitaxial (MBE) — law (J, — Solid State Chem. and 133 (1997) — ) refer to the 269-272 page and 
halide (halide) — law (** "a Japanese crystal growth society magazine" — ) Vol.24. No.2 (1997), 150 pages and 
**J,Appl.Phys.. 42 (1) and (1971). refer to 420 - the 424 page, and a hydride (hydride) — it depends on vapor 
growth means, such as law, and can form. Especially all the raw materials of a configuration element are gases, 
and if the flow rate or the rate of a feeder current quantitative ratio of the gas raw material is adjusted, since 
the crystal layer of a desired conduction type will be obtained simple (J. refer to Crystal Growth. 24/25 
(1974), and 193-196 pages), a MOCVD means is convenience at formation of the Lynn-ized boron system 
semi-conductor layer. The organic phosphorous compound systems of reaction, such as boron triethyl (C2H5) 
(3B) / borane (BH3) or diboron hexahydride (B-2 H6) / phosphine (PH3), or a TASHA reeve chill (tert.-buthyl) 
phosphine, can be illustrated as a gaseous-phase-reaction system which can be used for the MOCVD method 
(refer to Jpn.J.Appl.Phys., 13 (3) and (1974). and 411 - 416 pages). 

[0021] Especially the buffer coat that consists of an amorphous substance or polycrystal can be formed in the 
above-mentioned vapor growth means by making membrane formation temperature into 250 degrees C - 700 
degrees C. The buffer coat which consists of a Lynn-ized boron system semi-conductor which makes an 
amorphous substance a subject becomes is easy to be obtained, so that it considers as low membrane 
formation temperature. Since disassembly of the raw material for membrane formation does not fully advance 
below 250 degrees C, membrane formation is unstable and inconvenient. At the membrane formation 
temperature exceeding about 450 degrees C, the buffer coat which consists of a Lynn-ized boron system 
semi-conductor which makes polycrystal a subject becomes being easy to conclude. It becomes and is [ that 
the good crystal layer which cannot demonstrate the relaxation effect of grid mismatching sufficient at the 
temperature exceeding 700 degrees C is easy to be obtained ] Inconvenient. That a buffer coat is an 
amorphous layer or a polycrystal layer depends on a general X-ray diffraction method, a general electron 
diffraction method, etc., and it is analyzable. As for the thickness of a buffer coat. Irrespective of the 
existence of the ac[justment of a grid with a substrate ingredient, it Is desirable about to set lOOnm or less to 
50nm or less by 2nm or more still more preferably by Inm or more. The Lynn-ized boron system semi- 
conductor of suitable thickness Is arranged as a buffer coat, and if the operation which eases a lattice strain is 
utilized, the crystal face which sets the indices of crystal plane of a front face parallel to the front face of a 
single crystal substrate to {1 10} on a buffer coat will be made to carry out the laminating of the Lynn-ized 
boron system semi-conductor layer of the single crystal which comes to carry out a laminating. 
[0022] The indices of crystal plane which this invention says point out the mirror (Miller) characteristic which 
is an index for expressing the crystal face (C. W. van work, "chemical crystallography" (refer to June 15. 
Showa 45. Baifukan Issue First edition, and 21-22 pages).). For example, it is the generic name of the crystal 
face equivalent to the crystal face which sets indices of crystal plane to (110) to (110), such as (110). (-110), 
and (-1-10). (1-10). moreover — for example, the crystal front face which sets indices of crystal plane to 
{111} — or (111) (-1-1-1) — etc. — it is the thing of the front face which consists of the crystal faces 
equivalent to (111). If the buffer coat formed on the single crystal substrate of a cubic sphalerite mold is used, 
the Lynn-ized boron system semiconducting crystal layer which has fixed indices of crystal plane can be 
brought about irrespective of the indices of crystal plane of the crystal face which constitutes a single crystal 
substrate front face. For example, if it depends on a MOCVD means and the above-mentioned buffer coat 
concerning this invention for formation temperature is used as 1200 degrees C or less above 750 degrees C. 
the crystal face which sets the indices of crystal plane of a front face parallel to the front face of a single 
crystal substrate to {110} can form on it the Lynn-ized boron system semiconducting crystal layer ({110}- 
Lynn-ized boron system semiconducting crystal layer) which comes to carry out a laminating. A pattern that 
the {110} crystal faces of the Lynn-ized boron system semiconducting crystal layer have arranged in parallel 
with the crystal face which constitutes a substrate front face in drawing 4 is shown typically. That is. the 
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buffer coat which consists of a Lynn-ized boron system semi-conductor which consists of the amorphous 
substance or polycrystal concerning this invention has the operation which brings about the Lynn-ized boron 
system semiconducting crystal layer which indices of crystal plane become from the laminating of the fixed 
crystal face, using as small and weak effect of the crystal field of a single crystal are uninfluential of a 
substrate. Moreover, it combines and the buffer coat concerning this invention has the operation which is not 
in the former and widens the temperature requirement concluded in the good Lynn-ized boron system 
semiconducting crystal layer to the large range of 450 degrees C. Since the Lynn-ized boron system 
semiconducting crystal layer of a smooth front face is stabilized since the hole (pit) based on the vaporization 
of Lynn (P) which constitutes the Lynn-ized boron system semi-conductor from an elevated temperature 
exceeding 1200 degrees C is generated notably, and it does not conclude, it is unsuitable. 
[0023] The laminating of the {1 1 0}-Lynn-ized boron system semiconducting crystal layer is carried out on the 
cubic substrate which sets the indices of crystal plane of the surface crystal face to {100}, for example, the 
{100}-single crystal substrate of a sphalerite mold, and the laminating structure consists of the 2nd operation 
gestalt of this invention. If the laminating of the {1 10}-Lynn-ized boron system semiconducting crystal layer is 
carried out in parallel with the front face of a {100}-single crystal substrate, generally it will combine with the 
diffraction resulting from a {100}-single crystal substrate at an X-ray diffraction pattern (pattern), and the 
diffraction from a {1 lOl-LynnHzed boron system semiconducting crystal layer will appear. From this, it is found 
whether the interrelation about the crystal face of the single crystal substrate and the Lynn-ized boron 
system semiconducting crystal layer concerning this invention is attained. The X-ray diffraction pattern 
(pattern) about the Lynn-ized boron crystal layer of the monomer formed in drawmgJS at 800 degrees C as an 
example through the Lynn-ized boron buffer coat formed at 350 degrees C on the {100}-Si single crystal 
substrate is hung up. In addition to the Bragg (Bragg) diffraction peak (whenever [ angle-of-diffraction ] 2 
theta**69.1 degrees) from the {400}-Si crystal face originating in a (100}-Si single crystal substrate, the {220} 
diffraction peak (whenever [ angle-of-diffraction ] 2 theta**57.6 degrees) from BP crystal layer has appeared. 
This shows that the laminating of the {1 1 0}-Lynn-ized boron system semi-conductor layer is carried out in 
parallel with the front face of a {100}-single crystal substrate. From the laminating structure of such a 
configuration, there is an advantage which can constitute the laser diode of the shape of a rectangular 
parallelepiped which makes a cleavage plane a resonance end face simple. 

[0024] For example, the pulse duty factor of the configuration atom in the {111} crystal-face front face of a 
sphalerite mold is size from the (100) crystal faces. For this reason, diffusion Lynn (P) which constitutes the 
buffer coat which consists of a Lynn-ized boron system semi-conductor from a {1 1 1}-single crystal substrate, 
or inside [ of boron (B) ] a substrate, and osmosis are controlled, and effect is taken to hang down even if the 
buffer coat by which thickness was controlled is stabilized. Therefore, it supposes that the laminating of the 
{1 1 0}-Lynn-ized boron system semi-conductor layer is carried out on the cubic substrate which sets indices 
of crystal plane to {111}, for example, the {1 1 1}-single crystal substrate of a sphalerite mold, and the laminating 
structure consists of the 3rd operation gestalt of this invention. The X-ray diffraction pattern (pattern) about 
the Lynn-ized boron crystal layer of the monomer formed in drawing 6 at 900 degrees C as an example 
through the Lynn-ized boron buffer coat formed at 350 degrees C on the {1 11}-SI single crystal substrate is 
hung up. In addition to the {222} diffraction peak (whenever [ angle-of-diffractlon ] 2 theta**58.8 degrees) 
originating in a {111}-Si single crystal substrate, the {220} diffraction peak (whenever [ angle-of-diffraction ] 2 
theta**57.6 degrees) from BP crystal layer has appeared. This shows that the laminating of the {1 10}-Lynn- 
ized boron system semiconducting crystal layer is carried out in parallel with the front face of a (1 1 1}-single 
crystal substrate. Even if the orientation relation of such the crystal face depends on an electron diffraction 
method, it can be investigated. 

[0025] The (1 10}-Lynn-ized boron system semiconducting crystal layer brought about without depending on 
whether it is the single crystal substrate which has which indices of crystal plane of {100} or {11 1} acts as a 
dominance substrate layer for carrying out the laminating of the luminous layer (referring to JP.55-3834.B) 
which is emitting short wave Nagamitsu from a convenient gallium nitride (GaN) system semi-conductor, the 
monomer Lynn-ized boron (boron monophosphide:BP) which is a cube zinc sulfide ore type (spharelite) (refer 
to FIRRIPUSU work, a ''semi-conductor joint theory" (Yoshioka Shoten, July 25, 1985 issue, the 3rd **). and 
14-15 pages) crystal — cubic (cubic) gallium nitride (c-GaN: lattice constant =4.51 OA) and abbreviation — it 
has the same lattice constant of 4.538A (refer to the above-mentioned "semiconductor device introduction" 
and 28 pages), furthermore, spacing of the {1 10} crystal faces of BP — about 3.209A — it is — hexagonal 
(hexagonal) — 3.1 80A which is the a-axis lattice constant of GaN (h-GaN), and abbreviation — since it is 
equivalent, the adjustment of a grid with a GaN system semi-conductor is good. Therefore, on a {110}~Lynn- 
ized boron system semi-conductor layer, the advantage which can carry out the laminating of the GaN system 
luminous layer which is excellent in crystallinity with few crystal defects resulting from the mismatch of a grid 
is. 

[0026] The description on the configuration in the 4th operation gestalt of this invention is to have constituted 
from a Lynn-ized boron system semi-conductor layer of polycrystal including the crystal face which carries 
out indices of crystal plane except {110} for the buffer coat constituted from the amorphous substance or 
polycrystal prepared on a single crystal substrate especially. For example, it constitutes from a polycrystal 
layer including the crystal faces, such as {111}. {311}. or {100}. It has the operation which depends on making 
the interior of a buffer coat generate the crystal face of such Miller indices, and eases the stacking fault 
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affinity of the single crystal and laminating structure configuration layer which constitute a substrate, and 
absorbs a stacking fault and a reverse phase grain boundary, and brings about a laminating structure 
configuration layer with few crystal defect consistencies. The content ratio of the {110} crystal faces inside a 
polycrystal buffer coat and the other above crystal faces is called for from an intensity ratio with a {1 10} 
diffraction peak acquirable [ with a general X-ray diffraction method ]. for example. A desirable configuration is 
the case where, as for about 1/5 and a more desirable thing, the content of about 1/10, i.e.. the {111} crystal 
faces, carries out the intensity ratio of a {1 1 1} diffraction peak to 1 / 5 - 1/10 of the {110} crystal faces as 
opposed to the reinforcement of a {1 10} diffraction peak. Furthermore, it is desirable that the ratios of the sum 
total of the reinforcement of the diffraction peak from the other crystal faces are about 1 / 5 - 1/10 to the X 
diffraction peak intensity resulting from the {1 10} crystal faces. 

[0027] Moreover, the 5th operation gestalt of this invention constitutes from the Lynn-ized boron system 
semi-conductor layer of the polycrystal including amorphous or the crystal face of the limited indices of 
crystal plane which set indices of crystal plane to 1/H, and {1 / K1/L} (each of H, K, and L is a positive 
integer) for the buffer coat constituted from polycrystal prepared on a single crystal substrate. The crystal 
faces which set indices of crystal plane to 1/H, and {1 / K1/L} (each of H, K. and L is an integer) are the 
crystal faces, such as {111}. {-1-1-1}. {311}, and {-311}. These limited crystal faces can contribute for bringing 
about the laminating structure configuration layer which demonstrates the operation which absorbs plane 
defects, such as a stacking fault, etc. especially, and is excellent in crystallinity while easing the lattice strain 
of the single crystal and laminating structure configuration layer which constitute a substrate. Therefore about 
the buffer coat of the thin layer concerning this invention, the crystalline form inside a layer, an organization, 
and the configuration of the crystal face can be grasped to electron diffraction technique etc. at the cross- 
section TEM technique list which uses a transmission electron microscope (TEM), for example. 
[0028] At 250-degree-C or more temperature of 700 degrees C or less, on a single crystal substrate, after 
forming a layer, the buffer coat which consists of a Lynn-ized boron system semi-conductor including the 
limited crystal face concerning the 5th above-mentioned operation gestalt can once be formed, if it heat- 
treats at an elevated temperature rather than formation temperature. For example, amorphous Lynn-ized 
boron and gallium (B0.5Ga0.5P) buffer coat which sets thickness to about 5nm are once formed at 400 
degrees C on the front face of a gallium phosphide (GaP) single crystal substrate. Then, if a temperature up is 
carried out to 850 degrees C and it holds for 20 minutes for example, at this temperature, the buffer coat 
which consists of a Lynn-ized boron system semi-conductor including the crystal face where the above was 
limited can be constituted. The about 750 degrees 0 - 850 degrees G polycrystal buffer coat which includes 
the {110} crystal faces and the {111} crystal faces as a subject when it heat-treats at low temperature 
comparatively is obtained by the buffer coat. At about 1000-degree C elevated temperature, a polycrystal 
buffer coat Including the {31 1} crystal faces becomes is easy to be formed in addition to the {111} crystal 
faces. Since the surface smoothness on the front face of a buffer coat based on the vaporization of Lynn (P) 
is degraded, it is not desirable to heat-treat a buffer coat at the elevated temperature exceeding 1200 
degrees C. Moreover, if annealing (anneal) is given to a buffer coat at the elevated temperature exceeding 
1200 degrees C. since the Lynn-ized boron polymer written by empirical formula B6P or B13P2 occurs (J. 
refer to Am. Ceramic Soc, 47 (1) and (1964), and 44 - 46 pages) and formation of a homogeneous buffer coat 
is checked, it is not desirable. 

[0029] With the 6th operation gestalt of this invention, a {1 10}-Lynn-ized boron system semiconducting crystal 
layer is constituted from an ingredient containing the Lynn-ized boron (BP) which sets the band gap (band 
gap) in a room temperature to 3.0**0.2eV, and the laminating structure is formed using it. If BP of a monomer 
which has a high band gap is used, the Lynn-ized boron system semi-conductor layer which is not in the 
former and has a high band gap can be constituted. For example, in the conventional BP which sets a band gap 
to 2.0eV, it was as low as 2.3eV from which the highest is also equivalent to the band gap of GaP by 2.0eV or 
more, and was [that narrow Lynn-ized boron and gallium (BXGa1-XP:0 <=X<=1) mixed crystal of the range 
which can be taken are only brought about, and ]. On the other hand, if it depends on this invention, the 
BXGal-XP (0<=X<=1) mixed crystal of a high band gap covering a 3.0**0.2eV large area can be brought about 
by 2.3eV or more. The high Lynn-ized boron system semi-conductor layer of a band gap can be used as a 
window layer for luminescence transparency which acts conveniently for penetrating luminescence emitted 
from a single (Single HeterorSH) or a duplex (Double HeteroiDH) assembling-die light-emitting part. 
[0030] Especially the Lynn-ized boron (BP) that sets the band gap in a room temperature to 3.0**0.2eV or 
less can be formed by setting up within limits to which the growth rate in the case of a laminating and the 
both sides of the supply ratio of a raw material were prescribed (refer to application-for-patent No. 1 58282 
[ 2001 to ] specification). A growth rate is preferably made into 300A or less at 20A [ or more ]/m (refer to 
the above-mentioned application for patent No. 158282 [ 2001 to ]). If a growth rate is made into the late rate 
of under 20A / min. desorption and volatilization are not fully inhibited for the (Lynn P) configuration element 
or its compound from a growth phase front face, and membrane formation may be unable to be achieved If it 
is set as the quick growth rate exceeding 300A / min. the value of the band gap obtained becomes unstable 
and is not desirable. Moreover, when a growth rate is made quick to it is in the inclination which is easy to 
serve as a crystal layer of polycrystal, and it becomes inconvenient for obtaining a good crystal layer. 
[0031] Moreover, it combines with a growth rate and the supply ratio of a raw material is preferably specified 
in 60 or less range or more by 15. Being, when forming BP layer, the supply ratio of a raw material is a ratio of 
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the amount of supply of the Lynn (P) raw material to the amount of supply of the boron (B) raw material to a 
growth reaction system. Moreover, if it is when forming BP system mixed crystal, it is the ratio of the amount 
of supply of the sum total of V group configuration element raw material containing boron (Lynn (P to the 
amount of supply of the sum total of the III group configuration element raw material containing B)). If the case 
where Lynn-ized boron and indium (BalphaIn1-alphaP:0<alpha<=1) mixed crystal are formed is made into an 
example, it will be the ratio of the amount of supply of the Lynn (P) raw material to the total amount of a 
gallium (Ga) raw material and an indium (In) raw material supplied to a growth reaction system. That is, it is the 
so-called V/III ratio. If a V/III ratio is made into less than 1 5 and smallness, a growth phase front face 
becomes disorderly and is not desirable. Moreover, if an III/V ratio is extremely made into size exceeding 60. it 
will see to stoichiometric and the growth phase whose Lynn (P) is in a rich condition will become is easy to be 
formed. It is supposed that the location which boron (B) should occupy is entered and superfluous Lynn (P) is 
worked as a donor (donor) by the crystal lattice (the Shono Katsufusa work, "semiconductor technology 100 
collection of the VLSI age [5]" (refer to Ohm-Sha, Ltd., May 1, Showa 59 issue, the No. [ 5 ] (May, Showa 59 
issue) volume [ of electronic magazine electronics / 29th ] appendix, and 121 pages).). If stoichiometric 
composition shifts to a rich Lynn (P) side, since trouble is caused to formation of p form crystal layer of low 
resistance, it is inconvenient. 

[0032] The 13th of this invention thru/or the 17th operation gestalt constitute a light emitting device from the 
laminating structure which possesses a {1 10}-Lynn~ized boron system semiconducting crystal layer as various 
kinds of stratum functionale. For example, the {1 1 0}-Lynn-ized boron system semiconducting crystal layer 
concerning this invention formed through the buffer coat of an amorphous substance or polycrystal on the 
single crystal substrate turns into a crystal layer which is excellent in crystallinity. For this reason, in forming 
the light-emitting part which consists of SH or DH junction structure, it can use useful as a buffer coat as a 
substrate (deposition-ed) layer which can also hang down a good light-emitting part configuration layer. 
Therefore, the 13th operation gestalt can constitute a light emitting device from the laminating structure 
equipped with the light-emitting part which can be constituted from a good crystal layer by forming the {1 10)- 
Lynn-ized boron system semiconducting crystal layer concerning this invention as a buffer coat. For example. 
LED consists of the laminating structures equipped with the light-emitting part of the pn junction mold DH 
structure which makes a buffer coat the {1 1 0}-Lynn-ized boron system semiconducting crystal layer prepared 
through the Lynn-ized boron (BP) buffer coat of polycrystal on the {1 1 1}-silicon substrate, and makes a 
luminous layer for example, a phosphorus nitride-ized gallium (GaN1-XPX:0 <=X<=1) on it. 
[0033] The 14th operation gestalt of this invention constitutes a light emitting device from the laminating 
structure equipped with the {1 10}-LynnHzed boron system semiconducting crystal layer as a barrier layer. 
Especially, from the {1 10}-Lynn-ized boron semiconducting crystal layer of a high band gap, there is an 
advantage which can offer the barrier layer which fully makes the difference in an obstruction with a luminous 
layer size. For example, the clad (clad) layer of a high obstruction which sets the difference in a band gap to 
0.3eV can consist of monomers BP (band gap **3.0eV. lattice constant **4.538A) to cubic GaN0.97P0.03 
(band gap **2.7eV, lattice constant **4.538A) luminous layer. Moreover, if it uses as a cladding layer which 
makes the aperture which can penetrate luminescence for the high {1 10}-Lynn-ized boron system 
semiconducting crystal layer of a band gap to an external line of sight serve a double purpose, there Is an 
advantage which can constitute LED of high brightness. 

[0034] Since ionic bond nature is small and the conductive crystal layer of p form and n form is easy to be 
obtained, Lynn-ized boron (BP) can constitute pn junction structure simple. If this pn junction is established 
for example, on a light-emitting part, the light emitting device equipped with the {1 10}-Lynn-ized boron system 
semiconducting crystal layer concerning the 15th operation gestalt of this invention as a current blocking layer 
or a current constriction layer can be constituted. Furthermore, the pn junction which consists of a {110}- 
Lynn-ized boron system semiconducting crystal layer is arranged directly under the plinth (pad) electrode for 
circulating the LED operating current, and, specifically, is constituted. It arranges on the clad (clad) layer front 
face which hits the projection field of a plinth electrode and which makes a single hetero (SH) or a double 
hetero (DH) junction structure light-emitting part, for example. Thus, if it arranges, the circulation to the field 
[ directly under ] (projection field of the plinth electrode which cannot take out the so-called luminescence 
easily to the exterior) of the plinth electrode of the component operating current supplied through a plinth 
electrode will be prevented, and it will be conversely circulated preferentially to an open luminescence field. 
For this reason, it can contribute for constituting LED of high brightness. 

[0035] Moreover, for example, since a laser diode (LD) is constituted as a current blocking layer, the {110}- 
Lynn-ized boron system semiconducting crystal layer which added and made oxygen (O) can be used. For 
example, on DH structure light-emitting part, once carrying out the laminating of the current blocking layer, it 
is deleted to band-like (the shape of a stripe), and the surface section of a light-emitting part is exposed. 
Then, the laminating of the conductive semi-conductor layer is carried out so that the saved current blocking 
layer and the front face of the exposed light-emitting part may be covered. Since such a configuration, then 
the operating current of high density can be concentrated and injected into the light-emitting part [ directly 
under ] of opening, LD of a current constriction mold can be constituted conveniently. 
[0036] Suppose that a light emitting device is constituted from the laminating structure equipped with the 
{1 1 0}-Lynn-ized boron system semiconducting crystal layer as an electrode contact layer with the 16th 
operation gestalt of this invention. A Lynn-ized boron (BP) system crystal has ******** (Ikoma Toshiaki. 
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Ikoma intelligent collaboration, "a guide to basic physical properties of a compound semiconductor" (refer to 
September 10, 1991. Baifukan Issue First edition, and 14-17 pages)) of a valence band, and low ionic bond 
nature, therefore (refer to the above-mentioned ''semi-conductor joint theory" and 49 - 51 pages) the 
advantage which can constitute the conductive layer of low resistance from a p form simply especially for a 
cubic sphalerite mold crystal. Therefore, it can contribute for forming the ohmic nature electrode of low 
contact resistance. For this reason, LED with low forward voltage (the so-called Vf) or LD with low threshold 
voltage (the so-called Vth) is brought about, p form ohmic electrode prepared on the contact layer which 
consists of a {1 1 0}-Lynn-ized boron system semiconducting crystal layer of p form can consist of for example, 
gold, a zinc (Au-Zn) alloy, etc. Moreover, on the contact layer which consists of a {1 10}-Lynn-ized boron 
system semiconducting crystal layer of n form, n form ohmic electrode can be formed from gold alloys, such 
as gold and a germanium (Au-germanium) alloy, gold and an indium (Au-In) alloy, or gold, a tin (Au-Sn) alloy, 
etc., etc. 

[0037] Moreover, if the {1 1 0)-Lynn-ized boron system semiconducting crystal layer which was arranged in 
parallel with the front face of a single crystal substrate and which is excellent in surface surface smoothness 
is used, the reflecting mirror which can reflect luminescence in an external line of sight can be constituted 
with sufficient convenience ("surface emission-type laser" (refer to Ohm-Sha. Ltd.. the 1st ** of the 1st 
edition of September 25, 1990 issue, and 105-117 pages).). Multistory [ of the semi-conductor thin film of the 
different species which differ in a refractive index, or a different presentation ] is carried out mutually 
periodically, and such a reflecting mirror constitutes it (refer to the above-mentioned "surface emission-type 
laser" and 118 - 119 pages). If this periodic multistory structure is constituted from a semi-conductor thin 
film which makes a difference of a refractive index size, the multilayers reflecting mirror which lessens 
periodicity (the number of multistory cycles) and makes a reflection factor high can be formed efficiently, in 
addition — and if a multilayers reflecting mirror is constituted from a semi-conductor thin film which carries 
out lattice matching mutually, the semi-conductor multilayers reflecting mirror of high performance with a high 
reflection factor can be constituted. For example, a reflecting mirror can consist of structures to which it 
carried out multistory [ of Lynn-ized boron (refractive-index **3.1) and the gallium nitride (refractive-index 
**2.5: refer to the above-mentioned "semiconductor device introduction" and 28 pages) which has the 
relation of abbreviation lattice matching ] by turns. Therefore, from the laminating structure equipped with the 
{1 10}-Lynn-ized boron system semiconducting crystal layer as one configuration layer of a semi-conductor 
multilayers reflecting mirror, LED of high brightness which is excellent in the ejection effectiveness of 
luminescence to the exterior can be offered. With the 1 7th operation gestalt of this invention, it has the 
reflecting mirror which was greatly different and constituted the refractive index from mutual multistory 
structure of abbreviation lattice matching and the semi-conductor thin film which has the relation of lattice 
matching still more desirably and which covers a broadband and brings about a high reflection factor, and a . 
light emitting device consists of the laminating structures possessing the semi-conductor multilayers reflecting 
mirror with which a part of configuration layer [ at least ] of this reflecting mirror consists of a {1 10}-Lynn- 
ized boron system semiconducting crystal layer. 

[0038] The lamp of high brightness can consist of light emitting devices concerning the 13th of above- 
mentioned this invention thru/or the 17th operation gestalt. For example, the lamp of the 18th operation 
gestalt of this invention can have and constitute the following process. LED10 equipped with the current 
blocking layer 12 which consists of a {1 1 0}-Lynn-ized boron system semiconducting crystal layer concerning 
this invention on the substrate 11 is fixed to the center section of metal **** 16 which plated metals, such as 
silver on a plinth 15 (Ag). or aluminum (aluminum), with a conductive jointing material for corrugated fibreboard 
so that it may illustrate to draw[ng„7 . From this, the unipolar electrode 14 prepared in the base of a substrate 
11 is electrically connected to the end child 17 attached to a plinth 15. Moreover, the electrode 13 installed 
on heterojunction structure is connected for one [ attached to a plinth 15 ] of other terminals 18. A lamp can 
be constituted, if it closes so that **** 16 may be surrounded with the common epoxy resin 19 for the semi- 
conductor closures. Moreover, if it depends on this invention, a small light emitting diode lamp suitable as a 
drop which can also form small LED of about 200 micrometers - about 300 micrometer angle, therefore makes 
the installation volume smallness especially can be constituted. 

[0039] Moreover, if an LED chip or the diode lamp by which the resin seal was carried out is gathered, the 
light source concerning this invention can be constituted. For example, two or more LED is electrically 
connected to juxtaposition, for example, the light source of a constant voltage drive mold can be constituted. 
Moreover, a diode lamp is electrically connected to a serial and the light source of a constant current mold 
can be constituted. Since it is not accompanied so much by heat dissipation by lighting unlike the source of a 
lamp light of the conventional incandescence mold, the light source using such LED can be especially used 
useful as a source of luminescence. For example, it can use as the light source for display of frozen foods. 
Moreover, the light source used suitable for a turn signal or lighting devices, such as a ringer for showing an 
outdoor drop and a traffic light and an automotive application, etc., for example can be constituted. 
[0040] 

[Function] In parallel with the crystal face on the front face of a substrate given in this invention, since the 
{1 10)-Lynn-ized boron system semiconducting crystal layer which comes to arrange the {1 10) crystal faces is 
in a light emitting device and can function as a buffer coat, it has the operation which brings about the light- 
emitting part which consists of a configuration layer which is excellent in crystal linity. Moreover, since it can 
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function as a barrier layer, it has the operation "shuts up" up the carrier which causes a radiative 
recombination. Moreover, since it can function as a current blocking layer, the operation which circulates a 
component drive current to the exterior with the priority to the luminescence field by which opening was 
carried out is demonstrated. Moreover, since it can function as an electrode contact layer, the operation 
which brings about the ohmic nature electrode of low contact resistance is demonstrated. Moreover, since it 
can function as a semi-conductor multilayers reflecting mirror, it has the operation which reflects 
luminescence in an external line of sight efficiently. 

[0041] The buffer coat which consists of Lynn-ized boron system semi-conductors which become this 
invention from the amorphous substance or polycrystal of a publication has the operation which brings about 
the Lynn-ized boron system semiconducting crystal layer which has the {110} crystal faces parallel to the 
front face of a single crystal substrate which are excellent in crystallinity. Especially the buffer coat that 
consists of a Lynn-ized boron system semi-conductor which consists of polycrystal which comes to contain 
{1/H, 1 / K1/L} (for H, K, and L to be positive integer) crystal face In addition to the (1 10) crystal faces 
absorbs a lattice strain, a crystal defect, etc., and has the operation which brings about a good {110}-Lynn- 
ized boron system semiconducting crystal layer. 

[0042] The Lynn-ized boron system semi-conductor layer which consists of ingredients which contain in this 
invention the Lynn-ized boron (BP) of the high band gap which sets a band gap to 3.0**0.2eV at the room 
temperature of a publication acts on dominance as a luminescence transparency (aperture) layer which has 
the high band gap which is not in the former. 
[0043] 

[Example] (Example 1) The case where light emitting diode (LED) is constituted from the laminating structure 
possessing the Lynn-ized boron (BP) system semi-conductor layer which becomes considering an amorphous 
substance as a subject in the state of an AZUGU loan (as-grown) is made into an example, and this invention 
is explained concretely. The cross section of LED1A concerning this example 1 is shown In drawing 1 . 
[0044] Laminating structure IB of the light emitting device application concerning this example 1 constituted 
the (Boron B) dope p form (lll)-Si single crystal as a substrate 101. a substrate 101 top — boron triethyl 
(C2H5) (3B) / phosphine (PH3) / hydrogen, (H2) system ordinary pressure MOCVD — the Lynn-ized boron 
buffer coat 102 which makes a subject the amorphous substance grown up at 350 degrees C by law was 
deposited. The thickness of a buffer coat 102 could be about 5nm. 

[0045] The laminating of the p form lower cladding layer 103 which consists of {1 10}-LynnHzed boron (BP) of 
the monomer which the front face arranged in parallel with the crystal face (111) of the front face of Si 
substrate at 850 degrees C becomes from the {110} crystal faces was carried out to the front face of a buffer 
coat 102 using the above-mentioned MOCVD vapor growth means. The impurity of p form was used as 
magnesium (Mg), and used screw-magnesium cyclopentadienyl (bis-(C5H4)2Mg) for the doping raw material. 
Carrier concentration of the lower cladding layer 103 was set to abbreviation 8x1018cm-3. Thickness could be 
800nm. The buffer coat 102 which has the crystalline structure concerning this invention was written as the 
substrate layer, and the lower cladding layer 103 has consisted of Lynn-ized boron continuation layers without 
a crack (crack). Moreover, after ending formation of the lower cladding layer 103 at an elevated temperature 
rather than a buffer coat 102, the buffer coat 102 was changing to the polycrystal layer. 

[0046] On the p form (110}-BP lower cladding layer 103, the laminating of the luminous layer 104 constituted 
from cubic n form GaN0.97P0.03 layer (lattice constant = 4.538A) which carries out lattice matching to Lynn- 
ized boron (BP; lattice constant =4.538A) was carried out. The crystal front face of 0.03 layers became what 
mainly consisted of the {110} crystal faces arranged in parallel with the GaNwhich makes luminous layer 
1040.97P{1 10} of BP layer front face which makes lower cladding layer 103 crystal face. The carrier 
concentration of a luminous layer 104 was adjusted to abbreviation 1x1017cm-3 by adding silicon (Si) as a 
dopant of n form at the time of formation of a luminous layer 104. The thickness of a luminous layer 104 could 
be about 120nm. 

[0047] On the front face of n form GaN0.97P0.03 luminous layer 104. the laminating of the up cladding layer 
105 which consists of a BP layer of n form by the above-mentioned MOCVD system of reaction was carried 
out. The up cladding layer 105 consisted of Lynn-ized boron of a monomer which has the {110} crystal faces 
which come to carry out multistory [ of the (1 10} crystal faces ] perpendicularly to the front face of a 
luminous layer 104. The dopant of n form adjusted carrier concentration to abbreviation 8x1016cm-3 as silicon 
(Si). Thickness could be 80nm. The light-emitting part of pn junction mold double hetero (DH) structure was 
formed from the p form {110}-BP lower cladding layer 103 which formed 850 degrees C and growth 
temperature as the same, n form GaN0.97P0.03 luminous layer 104. and the n form {1 10}-BP up cladding layer 
105. 

[0048] The circular plinth electrode 106 has been arranged on the up cladding layer 105. The plinth electrode 
108 consisted of gold and germanium (Au95 mass % and germanlum5 mass %) vacuum deposition film. The 
diameter of the plinth electrode 106 was set to 120 micrometers. Moreover, all over the abbreviation for the 
rear face of the p form Si substrate 101, p form ohmic electrode 107 has been arranged and LED1A was 
constituted, p form ohmic electrode 107 consisted of (Aluminum aluminum) vacuum deposition film. Si single 
crystal substrate 101 was cut out In the direction parallel to the [211] directions, and perpendicular, and it 
was referred to as LED chip 1 A of the square which sets one side to about 300 micrometers. 
[0049] The emission center wavelength at the time of carrying out conduction of the operating current of 



http://www4.ipdl.ncipi.goJp/cgi-bin/tran_web_cgi_eije 06/04/10 



JP,2003-022971,A [DETAILED DESCRIPTION] 



11/14^— V 



20mA (mA) between the plinth electrode 106 and p form ohmic electrode 107 in the forward direction was set 
to about 415nm. The brightness in the chip (chip) condition measured using a common integrating sphere 
became an about 8mm candela (mod), and LynnHzed boron system LED1A of high luminescence reinforcement 
was offered, the forward voltage (the so-called Vf) for which it asked from the I-V property — about 3.6 — it 
was set to V (forward current = 20mA). Moreover, reverse voltage is about 8V (reverse current =10mlcroA), 
and LED of high pressure-proofing was offered. 

[0050] (Example 2) Light emitting diode (LED) consisted of the laminating structures possessing the Lynn-ized 
boron (BP) system semi-conductor layer of the polycrystal which connotes the crystal face of specific indices 
of crystal plane. At this example 2. LED consisted of the laminating structures of the structure shown in the 
same drawing 1 as the above-mentioned example 1 . 

[0051] In this example 2, the 2 degree (100) OFF (off) Si single crystal of Lynn (P) dope n forms was used as a 
substrate, this substrate top — boron triethyl (G2H5) (SB) / trimethylgallium (GH3) (3Ga) / phosphine (PH3) / 
hydrogen (H2) system reduced pressure MOCVD — the Lynn-ized boron and the gallium mixed-crystal layer 
of n form were deposited in undoping which makes a subject polycrystal grown up at 550 degrees C by law. 
The pressure at the time of MOCVD growth was set as about 6x104 pascals (pressure unit-a). Thickness 
could be about 8nm. (Boron B) presentation ratio of Lynn-ized boron and gallium mixed crystal was set as 0.02 
(B0.02Ga0.98P: lattice constant **5.431 A) which carries out lattice matching to Si single crystal (lattice 
constant **5.431A) substrate. 

[0052] After finishing deposition of Lynn-ized boron and a gallium (B0.02Ga0.98P) layer, the temperature up of 
this layer was carried out to 750 degrees C in the mixed ambient atmosphere (PH32.5 volume %+Ar97.5 
volume %) of a phosphine (PH3) and an argon (Ar). It held for 1 5 minutes with the constant temperature of 750 
degrees C. By this heat treatment, the B0.02Ga0.98P layer was made with the buffer coat of polycrystal 
including the (111} crystal faces and the {31 1} crystal faces. 

[0053] Next, the temperature of a buffer coat was raised at 900 degrees C within the inert gas ambient 
atmosphere containing the above-mentioned phosphorus compounds. The laminating of the n form lower 
cladding layer which consists of Lynn-ized boron and a gallium (B0.98Ga0.02P) which the front face arranged 
in parallel with the crystal face (100) of the front face of Si substrate becomes from the {110} crystal faces 
with the above-mentioned MOCVD vapor growth means was carried out to the front face of a buffer coat. The 
n form {1 10}-B0.98Ga0.02P layer was formed under 900 degrees G and conditions with a pressure [ at the 
time of growth ] of about 8x104Pa. n form impurity was used as silicon (Si), made the disilane (Si2H6) the 
doping raw material at volume part per million, and used mixed gas with about 50 vol(s).ppm ^^^t^ hydrogen 
(H2). Carrier concentration of a lower cladding layer was set to abbreviation 2x1018cm-3. Thickness could be 
800nm. The buffer coat of polycrystal which has the crystalline structure concerning this invention was 
written as the substrate layer, and the lower cladding layer has consisted of continuation film of a Lynn-ized 
boron and a gallium without a crack (crack). Moreover, when depending on this example 2, the reinforcement of 
the X diffraction peak from the {220} crystal faces became about 1.2 times as high as the {1 10}-Lynn-ized 
boron layer which constitutes the lower cladding layer of an example 1. Moreover, since the band gap in an n 
form {1 10}-B0.98Ga0.02P layer room temperature set the growth rate to about 25nm per minute and formed 
the V/in ratio (=PH3/(CH3) (3Ga+(G2H5) 3B) supply ratio) as 45, it was set to about 3.0eV. 
[0054] On the n form (1 10}-B0.98Ga0.02P lower cladding layer, the laminating of the luminous layer 
constituted from cubic n form GaN0.95P0.05 layer (lattice constant = 4.557A) which carries out lattice 
matching to B0.98Ga0.02P (lattice constant **4.557A) was carried out. It became what mainly consists of the 
{1 10} crystal faces arranged in parallel with the GaN0.95P{1 10} of B0.98Ga0.02 P layer front face where crystal 
front face of 0.05 layers also makes lower cladding layer crystal face of a luminous layer. At the time of 
formation of a luminous layer, silicon (Si) was added as a dopant of n form, and the carrier concentration of a 
luminous layer was adjusted to abbreviation 3x1017cm-3. Moreover, the thickness of a luminous layer could be 
about lOOnm. 

[0055] On the front face of n form GaN0.95P0.05 luminous layer, the laminating of the up cladding layer which 
consists of B0.98Ga0.02P layer of p form by the above-mentioned MOCVD system of reaction was carried 
out. The up cladding layer consisted of crystal layers which have the {110} crystal faces which come to carry 
out multistory [ of the {110} crystal faces ] perpendicularly to the front face of a luminous layer. The dopant of 
p form adjusted carrier concentration to abbreviation 4x1018cm-3 as magnesium (Mg). Thickness could be 
200nm. Moreover, since the band gap in a p form {1 10}-B0.98Ga0.02P layer room temperature set the growth 
rate to about 25nm per minute and formed the V/III ratio (PH3/(CH3) (3Ga+(C2H5) 3B) supply ratio) as 45. it 
was set to about 3.0eV. For this reason, the B0.98Ga0.02P up cladding layer was used also as a luminescence 
transparency window layer for penetrating luminescence to an external line of sight. The light-emitting part of 
pn junction mold double hetero (DH) structure was formed from the n form {1 10}-B0.98Ga0.02P lower cladding 
layer which formed 900 degrees G and growth temperature as the same, n form GaN0.95P0.05 luminous layer, 
and the p form {1 10}-B0.98Ga0.02P up cladding layer. 

[0056] The circular ohmic nature plinth electrode has been arranged on an up cladding layer. The plinth 
electrode consisted of gold and zinc (Au95 mass % and Zn5 mass %) vacuum deposition film. The diameter of a 
plinth electrode was set to 110 micrometers. Moreover, all over the abbreviation for the rear face of an n form 
Si substrate, n form ohmic electrode has been arranged and LED was constituted, n form ohmic electrode 
consisted of vacuum deposition film of (Aluminum aluminum) antimony (Sb) alloy. It made with the chip (chip) 
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of the square which carries out cleavage in parallel with the [110] crystal orientation of a {1 10}-B0.98Ga0.02P 
crystal layer which makes an up cladding layer, and sets one side to about 300 micrometers. 
[0057] The emission center wavelength at the time of carrying out conduction of the operating current of 
20mA (mA) between a plinth electrode and n form ohmic electrode in the forward direction was set to about 
470nm. The brightness in the chip (chip) condition measured using a common integrating sphere became an 
about 8mm candela (mcd), and LED of high luminescence reinforcement was offered, the forward voltage (the 
so-called Vf) for which it asked from the I-V property — about 3,5 — it was set to V (forward current = 
20mA). Moreover, reverse voltage is about 8V (reverse current =1 OmicroA). and LED of high pressure-proofing 
was offered. 

[0058] (Example 3) LED consisted of the laminating structures possessing the semi-conductor multilayers 
reflecting mirror which uses as a configuration layer the Lynn-ized boron (BP) semi-conductor layer which has 
the {110} crystal faces, and the buffer coat which consists of a BP layer of the monomer which has the {110} 
crystal faces. The cross-section structure of LED3A of this example 3 is typically shown in drawing 2 . About 
the same component as LED1A given in an example 1, the same sign is attached by drawin g 2 . 
[0059] In this example 3, 2 degree (100) OFF (off) gallium phosphide (GaP) single crystal of sulfur (S) dope n 
forms was used as a substrate 101. a substrate 101 top — boron triethyl (G2H5) (3B) / trimethylgalllum (GH3) 
(3Ga) / phosphine (PH3) / hydrogen (H2) system reduced pressure MOGVD — the Lynn-ized boron and the 
gallium (BXGa1-XP:0 <=X<=1) buffer coat 102 of n form were deposited in undoping which makes a subject 
polycrystal grown up at 450 degrees C by law. The pressure at the time of MOCVD growth was set as about 
6x104 pascals (pressure unit-a). Thickness could be about 12nm. (Boron B) presentation ratio (=X) of Lynn- 
ized boron and gallium mixed crystal (BXGal-XP) was set as 0.50 (B0.50Ga0.50P: lattice constant **4.994A) 
which has the middle lattice constant of the GaP single crystal (lattice constant **5.450A) of a substrate 101, 
and Monomer BP (lattice constant **4,538A). 

[0060] On Lynn-ized boron and the gallium (B0.50Ga0.50P) polycrystal buffer coat 102, the laminating of the 
(Silicon Si) dope n form Lynn-ized boron (BP) buffer coat (carrier concentration **1x101 8cm~3, thickness 
**950nm) 108 which a front face becomes from the {110} crystal faces was carried out. The {1 10}-monomer 
BP buffer coat 108 was formed at 850 degrees C with the above-mentioned reduced pressure MOCVD means. 

[0061] On the single crystal buffer coat 108, the semi-conductor multilayers reflecting mirror 109 constituted 
from BP thin film 109a and Si dope n form gallium nitride (GaN) single crystal thin film 109b was formed. Each 
thickness of BP thin film 109a which constitutes a reflecting mirror 109, and GaN thin film 109b could be 
about 52nm. Moreover, carrier concentration set any thin films 109a and 109b to abbreviation 1x1018cm-3. 
The reflecting mirror 109 constituted the unit laminated structure which joined GaN thin film 109b and {1 10}- 
BP thin film 109a on the front face of the {1 10}-BP buffer coat 103 from a laminated structure which carried 
out multistory to five periods. 

[0062] On {110}-BP thin film 109a which makes the surface of the semi-conductor multilayers reflecting 
mirror 109, it depended on the above-mentioned MOCVD means, and the laminating of the obstruction (lower 
clad) layer 103 which consists of a {110}-BP crystal layer of a monomer at 850 degrees C was carried out. 
Especially the lower cladding layer 103 set the growth rate to lOnm/m. and set up and formed the V/III 
(=PH3/(CH3)3Ga) ratio in 35, and constituted it from a {1 10}-BP crystal layer of the monomer which sets the 
band gap of a room temperature to about 3.1 eV. Carrier concentration of the Si dope n form lower cladding 
layer 103 was set to abbreviation 2x10l8cm-3, and thickness could be about 400nm. 

[0063] On the n form {1 10}-BP lower cladding layer 103, the laminating of the luminous layer 104 constituted 
from a cubic n form GaO.94InO.06N layer (lattice constant **4.538A) which carries out lattice matching to 
Monomer BP (lattice constant **4.538A) was carried out. The GaO.94InO.06N layer [ of a luminous layer 104 ] 
crystal front face also became what mainly consists of the {110} crystal faces arranged in parallel with the 
{110} crystal faces of the {110}-BP layer front face which makes a lower cladding layer. At the time of 
formation of a luminous layer 104, Si was added as a dopant of n form and carrier concentration was adjusted 
about 3x1017cm-3. Moreover, the thickness of a luminous layer 104 could be about lOOnm. 
[0064] On the front face of the n form GaO.94InO.06N luminous layer 104, it depended on the above-mentioned 
MOCVD system of reaction, and the laminating of the up cladding layer 105 which consists of a monomer BP 
layer of p form at 850 degrees C was carried out. The up cladding layer 105 consisted of {1 10}-crystal layers 
which come to carry out multistory [ of the {110} crystal faces ] perpendicularly to the front face of a 
luminous layer. The dopant of p form adjusted carrier concentration to abbreviation 3x1018cm-3 as 
magnesium (Mg). Thickness could be 300nm. Moreover, since the band gap in the room temperature of a p 
form {110}-BP layer set the growth rate to about 40nm per minute and the V/III ratio (=PH3/(CH3) (3Ga+ 
(C2H5) 3B) supply ratio) was formed as 45, the band gap in a room temperature was set to about 3.1eV. For 
this reason, the {110}-BP up cladding layer 105 has been used also as a luminescence transparency window 
layer for penetrating luminescence to an external line of sight. The light-emitting part of pn junction mold 
double hetero (DH) structure was formed from the n form {1 10}-BP lower cladding layer 103 which formed 850 
degrees C and growth temperature as the same, the n form GaO.94InO.06N luminous layer 104, and the p form 
{110}-BP up cladding layer 105. 

[0065] The circular ohmic nature plinth electrode has been arranged on the {110}-BP up cladding layer 105. 
The plinth electrode consisted of gold and zinc (Au95 mass % and Zn5 mass %) vacuum deposition film. The 
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diameter of a plinth electrode was set to 130 micrometers. Moreover, all over the abbreviation for the rear 
face of an n form GaP substrate, n form ohmic electrode has been arranged and LED3A was constituted, n 
form ohmic electrode consisted of vacuum deposition film of golden (Au) and a germanium (germanium) alloy. It 
made with the chip (chip) of the square which carries out cleavage in parallel with the [110] crystal orientation 
of a {1 10}-BP crystal which makes the up cladding layer 105. and sets one side to about 350 micrometers. 
[0066] The emission center wavelength at the time of carrying out conduction of the operating current of 
20mA (mA) between a plinth electrode and n mold ohmic electrode in the forward direction was set to about 
470nm. The brightness in the chip (chip) condition measured using a common integrating sphere became an 
about 8mm candela (mcd), and LED of high luminescence reinforcement was offered, the forward voltage (the 
so-called Vf) for which it asked from the I-V property — about 3.5 — it was set to V (forward current = 
20mA). Moreover, reverse voltage is about 8V (reverse current =10microA). and LED of high pressure-proofing 
was offered. 

[0067] (Example 4) The laminating structure of a laser diode (LD) application provided as an electrode contact 
layer by using as a current constriction layer the Lynn-ized boron (BP) system semi-conductor layer which 
consists of the {110} crystal faces was constituted. The cross-section structure of laminating structure 48 of 
this example 4 is typically shown in drawing 3 . About the same component as LED 1A and 3A given in the 1st 
or an example 3, the same sign is attached by drawing 3 . 

[0068] Laminating structure 48 constituted 2 degree (100) OFF (off) silicon (Si) single crystal of antimony (Sb) 
dope n forms as a substrate 101. a substrate 101 top — boron triethyl (G2H5) (38) / trimethylgallium (CH3) 
(3Ga) / phosphine (PH3) / hydrogen (H2) system ordinary pressure (abbreviation atmospheric pressure) 
MOCVD — the LynnHzed boron and the gallium (BXGa1-XP:0 <=X<=1) buffer coat 102 of n form were 
deposited in undoping which makes a subject the amorphous substance grown up at 350 degrees C by law. 
Thickness could be about 15nm. (Boron B) presentation ratio (=X) of Lynn-ized boron and gallium mixed 
crystal (BXGal-XP) was set as 0.02 (80.02Ga0.98P: lattice constant **5.431A) which carries out lattice 
matching to Si single crystal (lattice constant **5.431A) of a substrate 101. 

[0069] After finishing deposition of the amorphous Lynn-ized boron and gallium (B0.02Ga0.98P) buffer coat 
102. the temperature up of the buffer coat 102 was carried out to 850 degrees C in the mixed ambient 
atmosphere (PH33.0 volume %+Ar97.0 volume %) of a phosphine (PH3) and nitrogen (N2). With the constant 
temperature of 850 degrees C, for 20 minutes, it held and the amorphous B0.02Ga0.98P layer was made with 
the buffer coat 102 of polycrystal including the {111} crystal faces and the {31 1} crystal faces. 
[0070] On Lynn-ized boron and the gallium (80.02Ga0.98P) polycrystal buffer coat 102, the laminating of the 
(Silicon Si) dope n form Lynn-ized boron (BP) crystal buffer coat (carrier concentration **1x1018cm-3. 
thickness **650nm) 108 which has the {110} crystal faces was carried out. The {1 10}-monomer BP buffer coat 
108 was formed at 850 degrees C with the above-mentioned ordinary pressure MOCVD means. 
[0071] On the buffer coat 108. it depended on the above-mentioned MOCVD means, and the laminating of the 
obstruction (lower clad) layer 103 which consists of a {1 10}-8P crystal layer of a monomer at 850 degrees C 
was carried out. Especially the lower cladding layer 103 set the growth rate to 25nm/m, and set up and formed 
the V/ni (PH3/(CH3)3Ga) ratio in 50, and constituted it from a {1 10}-BP crystal layer of the monomer which 
sets the band gap of a room temperature to about 3.1 eV. Carrier concentration of the Si dope n form lower 
cladding layer 103 was set to abbreviation 2x1018cm-3, and thickness could be about 500nm. 
[0072] On the n form {1 10}-BP lower cladding layer 103, the laminating of the luminous layer 104 constituted 
from cubic n form GaN0.97P0.03 layer (lattice constant **4.538A) which carries out lattice matching to 
Monomer BP (lattice constant **4.538A) was carried out. It became what mainly consists of the {110} crystal 
faces arranged in parallel with the GaN0.97P{1 10} of {1 10}-BP layer front face where crystal front face of 0.03 
layers also makes lower cladding layer crystal face of a luminous layer 104. At the time of formation of a 
luminous layer 104, Si was added as a dopant of n form, and carrier concentration was adjusted to 
abbreviation 1x1017cm-3. Moreover, the thickness of a luminous layer 104 could be about 95nm. 
[0073] On the front face of n form GaN0.97P0.03 luminous layer 104, it depended on the above-mentioned 
MOCVD system of reaction, and the laminating of the up cladding layer 105 which consists of a monomer BP 
layer of p form at 850 degrees C was carried out. The up cladding layer 105 consisted of crystal layers which 
have the {110} crystal faces which come to carry out multistory [ of the {110} crystal faces ] perpendicularly 
to the front face of a luminous layer. The dopant of p form adjusted carrier concentration to abbreviation 
2x1018cm-3 as magnesium (Mg). Thickness could be 300nm. Moreover, since the band gap in the room 
temperature of a p form {1 10}-BP layer set the growth rate to about 25nm per minute and the V/III (=PH3/ 
(CH3) (3Ga+(C2H5) 38)) ratio was formed as 50. the band gap in a room temperature was set to about 3,1eV. 
The light-emitting part of pn junction mold double hetero (DH) structure was formed from the n form {1 10}-8P 
lower cladding layer 103 which formed 850 degrees C and growth temperature as the same, n form 
GaN0.97P0.03 luminous layer 104, and the p form {110}-BP up cladding layer 105. 

[0074] On the {110}-BP up cladding layer 105. It depends on the above-mentioned MOCVD means, and it 
carried out the laminating, having used as the current constriction layer 110 the {110}-BP crystal layer of high 
resistance which doped oxygen (O) at 850 degrees C. At the time of membrane formation, the oxygenation 
{1 10}-8P crystal layer made oxygen (02) volume part per million, and produced it using mixed gas with an 
about 10 vol(s).ppm **** argon (Ar). a secondary ion mass spectrometry (SIMS) with the common oxygen 
atom concentration of the current constriction layer 1 1 0 interior — about — the quantum was carried out to 
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3x1018 atom / cm3. Moreover, the current constriction layer 110 constituted resistivity (specific resistance) 
from a {110}-BP crystal layer made into about 102 ohm centimeters (ohm-cm). Thickness could be about 
500nm. 

[0075] After forming the current constriction layer 110, it limited to the specific field and the current 
constriction layer 110 was removed by argon (Ar) / methane (CH4) / the hydrogen (H2) system plasma- 
etching method. The field which removed the current constriction layer 1 10 was limited to the strip region 111 
of the lower part of a schedule field which prepares the band electrode (not shown) for constituting the laser 
diode (LD) of a common stripe (band-like) structured type (refer to "a semiconductor laser foundation, 
application (October 30, 1997, the 6th ** of Baifukan Issue First edition), and 10-11 pages). The strip 
region 111 which removed the current constriction layer 110 was made to expose the front face of the up 
cladding layer 105 which consists of a {110}-BP crystal layer. 

[0076] The front face of the current constriction layer 110 which countered in the middle and it was made to 
save across the strip region 11 1 to which the front face of the up cladding layer 105 was exposed, and a strip 
region 111 was covered with the **-ized Lynn-ized boron (BAsO.05PO.95) mixed-crystal layer of p form, a 
{110}-BAsO.O5P 0.95 mixed-crystal layer — 3(C2H5) B / arsine (AsH3) / hydrogen (H2) system ordinary 
pressure (abbreviation atmospheric pressure) MOCVD — it was made to grow up at 850 degrees O by law the 
carrier concentration of the BAs0.05P 0.95 mixed-crystal layer used as an electrode contact layer 112 for 
forming an ohmic nature surface electrode (not shown) — about 2 — it was referred to as x1018cm-3 and 
thickness could be about 150nm. The above constituted laminating structure 4B of a laser diode (LD) 
application. 
[0077] 

[Effect of the Invention] If it depends on this invention, since the laminating structure is constituted using the 
Lynn-ized boron system semiconducting crystal layer which can be formed in the large temperature 
requirement which is not in the former through the buffer coat which consists of a Lynn-ized boron system 
semi-conductor layer of an amorphous substance or polycrystal and which has the fixed indices of crystal 
plane of {110} which can give clear cleavage, without being dependent on the indices of crystal plane on the 
front face of a substrate, the suitable laminating structure for cleavage to constitute a component simple can 
be offered. 

[0078] The laminating structure equipped with the Lynn-ized boron system semiconducting crystal layer which 
has the fixed indices of crystal plane of {110} which can give clear cleavage, without being dependent on the 
indices of crystal plane on the front face of a substrate which can be formed in the large temperature 
requirement which is not in the former can be efficiently obtained by minding the buffer coat which consists of 
a Lynn-ized boron system semi-conductor of the polycrystal which connotes the specific crystal face 
especially, if it depends on this invention. 

[0079] Since a light emitting device is constituted from the laminating structure equipped with the Lynn-ized 
boron system semiconducting crystal layer which has the fixed indices of crystal plane of {1 10} which can give 
clear cleavage, without being dependent on the indices of crystal plane on the front face of a substrate which 
can be formed in the large temperature requirement which is not in the former by minding the buffer coat 
which consists of a Lynn-ized boron system semi-conductor layer of an amorphous substance or polycrystal if 
it depends on this invention, the light emitting device of high brightness can be offered. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[BrawingJJ It is the cross section of LED given in an example 1. 
[Drawing 2] It is the cross section of LED given in an example 3. 

[Drawing 3] It is the cross section of the laminating structure of LD application given in an example 4. 
LPLawi.ng„4] It is the cross section of a crystal layer showing the relation of an array to the {111} crystal faces 
and the single crystal substrate front face which constitute the Lynn-ized boron system crystal layer 
concerning this invention. 

CP..rawLng.5] It is the example of an X diffraction spectrum of the (1 1 0}-Ly nn-ized boron system 
semiconducting crystal layer on a {100}-Si single crystal substrate. 

[Drawing 6] It is the example of an X diffraction spectrum of the (1 1 0}-Lynn-ized boron system 
semiconducting crystal layer on a {11l}-Si single crystal substrate. 

[Drawing 7] It is the mimetic diagram which illustrates the cross-section structure of the lamp concerning this 
invention. 

[Description of Notations] 

1A, 3A. 4A, 10 Light emitting device (LED) 

4B (Laser diode LD) application laminating structure 

11 Substrate 

12 Lynn-ized Boron Semi-conductor Current Blocking Layer 

13 Surface Lateral Electrode 

14 Substrate Rear-Face Electrode 

15 Plinth 

17 18 Terminal 
19 Closure Resin 

101 Single Crystal Substrate 

1 02 Amorphous Substance or Polycrystal Buffer Coat 

103 Lower Cladding Layer 

104 Luminous Layer 

105 Up Cladding Layer 

106 Surface Electrode 

107 Rear-Face Electrode 

108 Lynn-ized Boron System Semi-conductor Buffer Coat 

109 Semi-conductor Multilayers Reflecting Mirror 

109a The GaN thin film which constitutes a reflecting mirror 
109b The {110}-BP thin film which constitutes a reflecting mirror 

110 Current Constriction Layer 

111 Strip Region 

1 1 2 Electrode Contact Layer 
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IB(4«Jtff 2eV^1S<-r-&BP t L 

iBPtGaP mitmm^Z. 3eV) ^:«^&(4, IK 
Jt»4S$fi:^T?tSi?|2. 3 e Vt-r-SBxGal-XP (O 



L^afcto, c<D«|)ti:«t^l*±»*i05'J><b?ffl«^*» 

[0 0 1 1] «jl:«its*$?i2 e vi-r*'JMbffll 
* (BP) *fflt^TJ:y»t^a±flf««)^|ii»(*li*»-S 

sjcws*i±TiE»^«iJtt L'Si+Htf^Et.-r, 

2-28837 1 ■##88) . Sgl-s 5c*, Sljh^ffi©'!^ 
S^t'JMbfflU* (BP) ^fflt^r, CHjltf, 5 7C (5 7C 
*) Sa^HJfifcL, J;ySt^«ih»itS<D';><bl«5S (B 

p) mm&simi>vtikmm-rnt. &Si<Dm^7imoi& 
j&i^imzm^tiztiiBnvibi, &B,<f>mmzts 

«:7^/\Vx«|ftj , 2 4M#Ji8) . SSLTJ^fit-e#, 

seffli:*'3-ci^«ffli*aMb7';u5-';»A- A'ytJA (a 

I XG ai-xA s : O^X^ 1 ) 3 5c;"gS^?>y ><bT7U 5 
-■t?A • **'J -t^A • ty-lf'^Jx ( (A I XG a l-x) Y I 
nl-YP:0SX^1, OgY^I) 47cSaT?fc-S 

(±ffiOT ri|iji{*7^/w;^aifi|j , 2 4M#ia) ., 

[0 0 12] ;$:|e^liJ:IE(D(£*Stflf(069SMi$^flB-r 

-^ofeiFtifctOT-e, , (-f) «e3iEi=«<ist^aa«sH^ 
Amo>^s,m^^^zt^uimtmL. (d) s^as 

iSiS-O (/\) •e®®}iaA<MKti:SBaSM-r.5*lSllc^ 

&t^^mm-ti>tztb<DtiLmimyjiiri>, (-0 a 
s (/\) m{zRmo<i^&L^mn'):yitmmm^m»m 

ttlcfi*tSfE5fe*^, MOilc-ttt^fflt^fc^^::'' (I a 
mp) &t;3t3i«tS«-r«Ci:£iffi&i:Lrt^*. 
[00 13] 

[Sffi*«^^-5/i«)a)#ai flu*., :*:«WI*, *lSa 

(Dfi«t±i=«s Lf= y >itmmfk^^mi*.m^mxtzmm 

mTtW-ca-oX. ^a> (1) 7!rS (6) iSlctSffiOdlttt 

(1) 4i<sa£«K^, ^misasfi<ossicssit&tt.f= 
i^as^/^(4»«ssa(o y >1bffllll3g¥9i4:A^ & tj:i>»m 
mt. mmmm±izwn-fi^titz. *jgastE©asi:v 
tr'Ee^srosfga^ {1 1 o) t-r^^^tstmmtti 
■C'fe^y ><bffll*S#3l»:^aB ( n 1 0} -y>^b 

(2) (110) - U >1biffiig%#aiit:^aB;!)<, 



(5) 



^BB2 003-2 2 9 7 1 



»^ (10 0) i:-mL^aa>mma&iRo>^m±\z«L 

( 3 ) (1 1 o ) - g >^bfllij|l%#«^«&ail;b<, iSlg 

{1 1 11 ti-i^y5^oimms,mm<o^^±izWi 

(4) m^a^^±tzw-rtzmmmt><. d i 
(3) <D^*iit^irRiztiSLommm&». 

H. 1/K, 1/Ll (H. K. S.lfL.ft^tltlE<D& 

ft) ^-r«]ia^$$t;»fS^a>'J>1bflgj|im#alf««^ 

( 6 ) ( 1 1 0 1 - >J >1bffl|j!l^ii^ii{4:@gB]!)^ S2g 
-^(OStJtfeffi^ 3 . 0±0. 2xu^ha>;K;uh (e 

y) fti^tt»<0')>itmm (b o r o n mono 
phosphide) $#t?*ti|4A^ibaifi£* ^l-C^^^>Z 

t^watr-sinrffi d) Jbs (s) wMttAxiscE 
[0 0 14] */=*«eBi*. (7) jis (12) m 

(7) *jSSS«±l=. lfSS*fc(*^jSSa)'JMbWI 
7 5 0"'CJa± 1 2 O 0°CJJlT<DaSBSffl-C. 1 1 1 

o) ->jtyitmm^¥f^m»t6&mif&fitti>=.tin» 

t-r^WE (1) 71S (6) (OHtlAM flll=E««)fllfll 

(8) (ICO) isa9^-r«mieafifi[J:i=. 

»*»figLfc». K««BJil=, 7 5 0"1CEI±1 2 00 

ISS®5JKfifcr-5::i:*1#«tf ««rE (7) izEilfl) 

(9) (1111 fsas^-r-&«@sstgJ:(c. 

ll^JKfieLfc^. K«flBB±|-, 7 5 0'>CUl±1 200 

"CKiTOiaffiasBiT?. 11 101 -') yitmmm¥^m» 
^s,mimm-ri>:itinmfr^ittiK (7) i=Etta> 

(1 o) i^as^/=(i#«sa(0'jMbaijK^#i»{*;!i^i& 
«:«ii«sB$, (1 1 01 -'jiyitmm^^m»tsa,m 

( 9 ) (o^pr+t*^ 1 ^(cE«oaBfl|jgtt:a»$8JS:^5* , 
(11) 4mm^tcit^^Si<D')>itmmm^mm^p> 

<t4«fl5B*. 2 5 0t:iU±7 0 0'CWT<0SS-C»fiK 

■r*-t*i^«i:^^)fjE (7) nm. (10) ©<5jha^ 
1 miz^m<Dmsm&»<Dsimysm, 



(12) 25 o-tejai 7 o o'c&LTOiam-cn&n^tz 

{1/H. 1/K. 1/Ll (H. K. RXfUtiSJti^ 

(7) P»S (1 1) 05<5rti.A^ 1 ai=Ett«)«B«2li*a) 

[0015] (1 3) 71S (1 7) 

«(-E«fl)«3t«^-l?&«. 

(13) ( 1 1 o 1 - g ^immmm^mi^ts&mti^ & <e 

'&liiSiB$A{l|-r-&flE (1) JbS. (6) (O^tiAMia 
l=Efl£<0«B«tit{«: t^f= m^m'T-o 

(14) ( 1 1 O } - U >^blffi3il^¥iift:4«aB;b^ e> ts: 
•5KSB«mii-r-5fJE (1) TbM (6) 31 

(15) ( 1 1 o 1 - >itmfii^^m»^amt^ & 
<&«3KiB± (ix«) m^nmr ^mti (d Tbs (6) 

<0{5r4tAN 1 «lcEKa)«B«Jttt:^fflt^f=«jtt«^, 

(16) 1 1 1 0 1 - U >^bSB« J&#3H*eSB h> U 

hB^AffirdflE (1) 7bS (6) <0 
^5r^^A^ 1 «l=EK(OaB«jttt:^ffl^,^fc«^tSR^-, 

(17) '>/j:<it-SS*< (1 1 01 -'J><bfflSlS# 

(1) nm (6) <oisrti]6M ]aicEtt(o«B«ii&i4:$ffl 

[OO 1 6] (1 8) KrE (1 3) TbM 

(17) 0!>«*t*> 1 ffll-E«a)«3t*T^*ffil^fc7> 

(1 9) frE (1 8) icEtEa>^>:^*fflt^fc3tl5. r 

[0017] 

««tt<0 n f^$f=(« p fl^i/ U 3 LT«IB1lli§ 

'JXb^'U't^A (GaP) ^tzltmitiS'JOlK (GaA 
s) €KlMi<j>^bffl% (BP) (®J. Electro 
chem. See. , 120 (1973), p. p. 8 
02~806. . ai^<2)*@#S5. 042, 043# 

^^«#^) ^<oi I I -vmt-^^^m»m&&i&m. 

<Oatt<D:i— 5-:/^ (Ohm i e) 

©flifieBas * SM L fc±-em« * i^fiK-r * 1 o fcjs 

Sd'SxS (#B82p 1 0-32 1 90 7#^a#Bg) 
il^)(EL. fBfffilcie3tt3R'7-$Mfie-r'&filffi>&:»ffi#»$ 
^jt^o ^IC, 1 0 5'J:1— A (m«) iUTt 



(6) 



1$M2 00 3-2 2 97 1 



[0 0 18] ^tz. :tin^<DWi^<o^mmmi^:in^■tieL 
{110} -'}l^itmmM^^m»l^&mt<o'pmlzw^m. 

G a Y i Tf\-a-0-r ^i-d ^ » 8 (0<a^1. 
/S<1. o^r<i. o<a + ys + r^i. o^S< 

filljllS, — JIftSCBaA I /3Ga r I nl-a-/8-r 
Pl-fiNfi (0<a^1. 0^j9<1. 0^r<1, O 
<a + /3 + r^1s 0<<S<1) T?«83$4x-5S3R 

L < I*, mfs.7tmm<'pu < . fflffii-flifigt? # -5 2 5cjs 

fiHIg (BP) . UXbT^US— 'i7A •iffl*;'ga (BaA 
i^P:0<a^i, o^0<^•<;B.•oa + e = ^) ^ 
') >itmm ■ *f U -t^ASS {BaGa5P:0<ar^ 

1, o^fi< 1 -ea.oa+(S = 1 ) . AiMfjxtmm 

• -Oy-t^ASa (Ba I ni-aP : 0<a^1) Uif 

{1 101 -'i:yitm^m^mtt^i&s,mta)^^ 

^fi^14$«aiaU-C. SX7-f h (rri i s f i t ) |g 
&«0<3a^Rafej£;!)</h$<ISSttlc9ti^ (1 1 O) 

[0 0 19] l^aM3lcl^l^»i@S<t>l!«eB(^. 

is-r <&miSA4t»(=«'F&d'r •& u >ibii«ig#«i»^i' 

f)=tafig-C#* mB82000-222 1 ^^<tim^ 
m) . ffO^tf. U^^bJiiR- ^fU-i^A (Bo.32Gao.68 

p : »^3E»% 5 . 4 5 o A) ^mitmm -a^i^L. 

(B0.23G a0.77A s : ttT-S»=5. 4 5 0A) 
P,(iGaP#iSS (tS^^a^s. 4 50A) 
^fi^^Sfc-rSfifiBB^afiK-e^-S (JifE<D^Ba2 0 0 

0-22 2 1 i^#fia) o i/U3> (ttT-^a= 

5. 4 3 1 A) »S(^*S^S^^-5«8ffiBa)«fi6*tS^^M 
i:UTB0.02Ga0.98P*^&-5. Sfilcft^g^-T-Slfi 

iijifeB<Dfi)«t^i»iL-r-5i=#i=iai^*<fc-5. 'j> 

^btnSligi^i»it:;!i^&>&:i>»«BI^. ±B^ LT >J r^^blffi 

iisii^#iii»B$i9:it-&(=iiSL. nmn.^^^'^t rjss 
■r^ffl^fEaT-^i), i^ic. 'jMbiffl^^^an^B^^- 

±l=tSit-S«d. U >fbiS3K?K#«^A'&/.E'&}Bfl5B(^ 

-hB*«ja-r-l.7cift<35i!63S-9-'(' h (site) ©SB* 

[0 0 2 0] •J>1b«l«%itiaif«:«^&3S:«»ffB». M 
OCVD^(Inst. Phys. Conf. S« 
r. . No. 129 (lOP Publ ishing 



Ltd.. 199 3),157~16 2M4»i^) , »^ 
jgxe^+->Y;U (MBE) 5£ ( J. S o I i d St 
ate Chem. . 133 (1997), 269~2 
7 2M#Ra) , /x^-f K (h a I i d e) 5* (0 TB* 
JSSfieg^^f S J .Vol. 24, No. 2(199 
7) , 1 5 OM&l^® J. Appl. Phys. . 42 
(1) (1 9 7 1), 4 2 0~4 2 4M#fiS) , "BASis 
■< K^-f K (h y d r i d e) ai?©»4afiRS#S(r«c 
yjKJi6-e#-5. ^ir, MOCVD^SI*, fl|fi65ciRa)Il 

SltS$nfi-r*t(£, flRSI=i9rli(De«S!a><ddlB;ii<# 

ibtV-Sfcto (J. Crystal Growth, 24 
/2 5 (1 9 7 4) , 1 9 3~ 1 9 6M#«S) , 'J Xb 
ai3lim#iii«:Ba))^fiKl=flJS-Ca&«o MOCVD^IZfiJ 
fflr-#<5SlffiSfS^<!:Lr h'Jx^^Uffl^ ( (C2H5) 
3B) /^t^^V (BH3) ^fc{*i;7H^> (B2H6) 

x^-fi/ (PH3) *fc«*5»— >A'U (t e r 

t . - b u t h y I ) 7l%X7-f i/*0!)*ti'J >-|b^ttJR 
(6^*i5!l^t?#-5 (Jpn. J. Appl. Phy 
s. . 13 (3) (1974), 411—416 M# 

8S) e 

[0021] |^||S4eL^^i^lSSlA^&/j:•S>^flSB 

J:ea>$i4afiKS^»(=fea^r, ^bisa$2 5o°c 

~7 0 0"Ci:-r-5-i:-lf}KfiR-C#*. ffiU^fiKBIStttr 

Si«®*<#f.*l.^< JS-S. 2 5 O'ClUTTJIififcMffllS^ 

t44 5o°c$jtt^.&fieiiiti&s-cii, »«ea$^ 

a< 7 o o'-csjffi^sias-ciijt^^JSttT-^i^fi^ 
09»«ii»is$fia-?$«^^-&aK(ot$iiBA<^&*t.ig< 

tlfliB<DBIVI^AA, 1 n mJa±-e 1 O O n ml«l 
T, M(::»*L<I*, 2 n mJil±T? 5 O n ml«ATi:T-5 

^SB±(=m<@aS4fia>Sai=¥fT>'d:aa(0a^a$ 
{110} i:-r-SISSffiA<8tB**t-CJEi:**lSaa)'J> 

4bfllllR%^«{t:B $«n$1±&ti«. 
[0022] ^fSBBOSoHfiatl*, jSSS^a-Tfc 

«)Ojiat?a&-5 5^- (Mi I I e r) ti«$«-r 

(C. W. /<>^, Hb^jSS^J (Bafa45^6fi1 

SB, m) i«mffi9efr«!)iifi, 2 1 ~2 2ii#Re) . m 
xtf, ama* {110} t-r-sissffi^i*, (1 1 

0) , (-110), (-1-10), (i-io)Sf 
© (1 1 o) izmmtji&&vs<omm-cs!,^, 

IS, ffijga* {111} (1 1 

1 ) satM* (- 1 - 1 - 1 ) 3P© ( 1 1 1 ) 



(7) 



^M2 0 0 3-2 29 7 1 



Sil=7fr>&:Sao!>3|g«t$ (1 lOl tiri^&mitim 
)l*tfC<f«'JMbfli«S^aH*jSSS ( {1 1 o) - 

m(0 {^ ^o] jSSSA<E5iJLrL^i>m«*«iCfl<ii~^ 

8IS*^ e. /j: * U ><bli«^4ia»«:jgSS * t fc & ffl 
*tc«l<l£L^4 5 O-CiOBSHIcffiilii-r-Sffffl^Wr*. 

mti>'i> (p) (D«Ft!(i=s«?i (pit) 

[0 0 2 3] :*i^^<omza>mil&f^1SiVlt. SSODISA 

sosmft^ (10 01 <!:-r-&ii::9ssfi. mTiii. m 
wtdUMo {100} -mjsaaffi±i- d i oi --j 

>1b«im%#i»it:4SSa L T ffiSWitt^: ^miAf 

(1 001 -«ltfifi«09«S(=7lTl= (1 1 01 
-'J>^b^a«^#ait*:eSSA<«B*HrL^-5i:. Xli 

s«Tia}^ i=«*-flftj=, {1001 -*4sa 

»ttl=fiH^-50«rt . flUi-r, { 1 1 01 - U Mbffll 

3Rm#3H*jaSBA^?>(»[sl»fA<aiiS-r-5, C*t,t:y, 

«*t-5, ia5i=-fi!ii:Lr. 11 oo} -s i mjgaafc 

S±(r, 3 5 0iCT?}^i«Lfc'JMb«im«tBBS^J-L 

•c» 8 o o'^j-cjKfiK Lf=*ai*a)'j ><b«»*eaBico 

l^-ca)x«0SrH» $J8if«. liooi 

-S i mJSS««l=**t-S {4 0 0} -SitgSS*^ 
h<I>-3^V*f (Bragg) SJftf-^ (Isl»fftffi2 0 
= 69. 1* ) \zM?L. BP<SABib^&a> {2201 O 
fife--? (Isl»fftffi2 0 = 5 7. 6° ) A<S*^■Ct^*, 

cttj:y, {1 00} -messs«)ssi=¥?fic {1 

101 -'J><bffl)3fe^4i3H*Bj!)<»B$*fCl.^-SCi:A< 

[0 0 2 4] m^ii. mmtdrnmo d i ii issies 

mzwfi>m^m^<D&mmit. {i ooi sascty 

4,*-ea5-5, =.<Dktb. {1111 -*jss»tt-e(*. 



•J >^bai3R%¥i»«;6^&)U-&»tlrB$1ifiK-r« U > 

(p) *f=(iffl!ift (B) a)SfiwaJ'N0ffitit, sa^ffl 

mLx. Bff<o®jffli**ifc«flBB*asLTtfcC)-ric 

mmmt: { i i 1 1 ^r-r-sit^as^. ^xi^. rasts 
mmo {111} -*jsss«±ic {1 10} -<j>ib 

fliij^%¥i»^B$IIB$tt«C^ ^ LTffiBfll)&^$« 
fit-r-g. B6l=-«i|^:L-C. (1 1 1 1 -S • ^I^Afi 

X. 9 0 0'c-ej&fiKLfcm«t*;(oyMbffll*iassi=-3 
i^x<ox»^»mm (/<^-» *a(f«. {i i d 
-s i m«ss»t5ic*3iE^-5 (2 2 21 (S 

8f^lS2 0 = 5 8. 8* ) IcJjDtL, BPfSSBJi^'b© 
(2 2 0} (alWe-^ (0«rftfi2 0 = 5 7. 6* ) A< 

stiTL^i, i*i«j:y. (Ill) -*jSsstEa)«a 

lcsptTl= (110) - y :^1bJffl*^#3ltt:jSaBA<8IB 
[0025] (100) gLlMt (111) OifSiiKOmtM 
■5I=»fB^'t£S^b**y't»A (GaN) m*^»^*A^P>^^-5 

nutm m^AfB 55-333 4#^«#Rg) $«b-^-& 

fztffi'ECTiftBtUrftfflf -6. 5t:S«l<bSfettS! (8 
pharolito) (7H'«>'jrfX«. rijian*jg# 
I6J ((«=) ^ra»J£. 1 98 5^7^25 BSItT. S 

sen) , 1 4~i sM^m) <om&xs>i>mmwj:^it 

fflfjR (boron monophosphicle:B 

P) I*. It^a (cubic) <DS{b:*fy'!7A (c-G 
aN:1S^S»=4. 5 1 OA) tBSI^— ©4. 53 8 

liJ . 2 8M#SS) o Ml::. BPO (1 10} l^AffiiO 
!Smiti^3. 209A-C&y. (hexagon 
a I) GaN (h-GaN) © a tt«^ga-Cfc« 3 . 
^80AtV^m^X&itz»b. GaNmM^mWtO)^^ 
<DS#tt*<fi»-Cfc*, (l£o-C, (1 1 01 -')>ibm 
«^#ait*:H±lcl*. »^©5XT«>^(CiSH-r«ea 

^Ri8a)d>)^.fu^eai£i=«til>G a Nigfe3f&B$«B-e$ 

[0 0 2 6] :«:fgQq(0m4(0||]itl)&S§iC^lt^«fie±© 

4«aii. m<sas«±(=isit-&i^aK^f=tt»i$a«^& 
mt&i-immmi. siz. sjga^ d i oi junir-r 
-i>@aa$#t;^tsa<Dy :^^b{n^?g#9ft:B7!iN&«i)£ 

LfcCtlc&S. WjKi, dll). {311}.^ 

tzit dool «©isaai$$tr»eaB;!i'&«is-r 

^<D»)S5^-»a©<Sa®**ifl6Bfl)F«JSP(=l6^ 

^ni&^^'&'&LxmB^tamtkai'ptjii^mmmT&^m 

^B$t/i:&-rf^ffi$^-r«. »«Saiifl[rBa>i^9-e 



(8) 



2003-22971 



<r>. (110} «AS^-e4ii»ina}±tBa)fi|35:)@as^ 
(1 1 01 i5i«re-^7i:(35^aitAxe,*toe>*f5. a* 

Lt^«lfit(*. 1110) ll«Te-<?fl!)a)SI=:«L-C, m 
X\t. II 1 11 IslSfe— >CDKgtt^$«I1/5, j;y 

»*Li,^©ii$<)i/i o, IP*, iiiiieas<»# 

{1 1 Ol JSaffi©1/5~-1/1 OtLfc*^ 
-efeio MI=»*Lt^a)f*. (1 1 01 jiaBiciSB-r 

•5X||[51«fe-<7^)tlc**L, •?-<0<fi<DjSS®A^e><DlHl 
Sftf— j7(Oai*fl>^tt(OJt¥A<*«)1/5'-1/1 0T?i5 

[0 0 2 7] *f=, *«lflfl)m5(C||ffi}^!B-C?(*, «IS 

JB$. afB»* 11/H, 1/K. 1/Ll (H. K, 

-5, ffiftSa^ {1/H. 1/K. 1/Ll (H. K. & 
11, {-1-1-11, (3111, (-31111^ 

I*, m^it. mmmm^mm^ (tem) i^m-ri>m 

[0 0 2 8] ±ma>mB(Oiitl&ml&lZ^t>i»VBHSiii*ltc 

5 o°cja±7 o o°GEiTa)aa-e-amfiss«Jii=- 

(*jf$fiK-e#-5o 9iijif*, 'j>'(b**'j't?A (GaP) mm 
sssosffi-hic, «jttf, 4 o o'c-c-s, mm^ifj 

SnmfnnAS<r>>j:yitmm-ii'J'tfJ^ <Bo.5G 
aO.SP) «fBB*»fit-ri), ^<0^. m^li. 850 

°c{=^aL, i^jast=-cff!i^i*2 o$jHi-Hy«^-r*v 

]!i^&«:«««JI$fl|JiK-e$-So tB«Jilciti|7 5 0%~8 

5o'c(oitwt6^i&i^vmmmit&-tt. d i oi jss 
mt (1111 ms^m^^ttit K.x^ti^m&«tmmii^ 
tti 1 o o o%<omg-e(t, (1111 iSAa 

(cADx-C, {3111 $gSS^#t?^SS^ffiBA<}^R6 
Sit^OEC^o HaS^l 2 0 0°C^iK^ti>SS-e!»«i 
S-TixOI^, ')> (P) <0»gjcl=B-&, ^»Baa(D7 
att*«ft*i*«©-e»*L<JEEt^. 1 200°C 

$ilSX'5SSt?«aHI-e!lxf«, T-— >U (a n n e a 
I) imrt. l§fiKSCB6P-V»Bi3P2T?*8B**t-6'J > 
<b9ll^#>i^]&<fe^L (J. Am. Ceramic S 
oc. , 47 (1) (1 964) , 44~46M# 



[0 0 2 9] *IBIB<Dm6©SIJSJ^Sg-CI*, mf^xo» 
±^fS (band gap) $3. 0±0. 2eV^-^ 

SUMbW* (BP) s#t?««ANC, {1 1 01 -y> 

2. O e Vt^SfitJfcOB p-ei±, 2. OoVKi±-C, 
fiJft-C^Ga P<DlKjt^4§(=4§^-r-&2. 3eV^fi 

<, K-z)Jisik)»iKm<i>m^*)>imm-ii*)i?M, (b 

XG a1-xP : OSX^ 1 ) jgSA^tfc €> SF+t^CO^-efc 
ofc, dtil-j^L, :*:5IMI=«t+Lli, 2. 3eVia±-e 

3. 0±0. 2'e va>l£fiSSI=M-&, ed^HtJhffitKOB 
XGai-xP (0^X2 1) m.^a,tzih-tCtt^X^ 
-So S5L^^±^l|li<D'J>^b^fflig^#»tt:BI*, 

^— (Single Hetero-.SH) ^tzit—S. 
(Double Hetero:DH) S^S^j^flSA^ 

e. fits* * *x «i3t $sia-r -5 rc »ffl*icftffl-r -5 «3ta 

[0 0 3 0] SS-C<Olilikff4B$3. 0±0. 2eVia 
Tir-r-S'JMblffl* (BP) I*, i^ic, «BOTB<Ofi£fi 

■r«^tf=J:y«^^T?#-5 (1#gB200 1-1 5 828 
2#m«|«#Rg) , ^fijiJtli, »^L<I«, S^2 0 
Aia±-e3 O O AJUT^r-r-S (±E<D^il2 00 1 -1 
5 8 2 8 2##fia) . fiEfij$S$2 OA/m i n*^© 
Sl>i£eE^-r-&^, fie5BSSA^&0>'J> (P) «IA7c 

mmMftrnt-^mAmtsi. m^t^ftmzvv±t^tL-r. 

J«MA<*fc-tfSt^a^A<fc«, 3 0 O A/m i n t:&fL 
=FSSi:>iy»*L<l*^i:L>o *fc, 

<r-&^»«Si<x)»aB^:'&:yai'ifii^i=d&y, aM(o 
i^skm^^^^izit^^-^tixi, 
[003 1] fiRSiSatef-ti-r, JSi|^a)«ji&tt;* 
*»*L<(*1 5iaJ:t?60KtTa)teiB(=m^-r*. B 

(P) )SJ!4<0«ISaa>Jt*T?&.5o BPSgSSS 

)^^-r-&««i=&oTi«, (B) i-^tji I isiflt 

fflSm • 'f>i>'^M, (Baln1-aP:0<a^1) ;1£ 
U-JA (Ga) lg«i:W A (In) iB«©«ai= 

**-ri>, y> (p) is«rott*&fi<Dtt^7?fc^, HP*,, 
msi, V/ 1 I I tb*T?aE>-5„ V/ 1 I I tt^$ 1 5* 

3t^:/h^-r-& ^ , fASmm^t^Hl^ttj: y a^ L < 

u^. I I I yvitmi6o^m7Lxm^iz:^t-r 

<b!¥«filMlca-CU> (P) A^S^JSttSI-Cfc* 
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^&mi>mmtti&<tliio ififl«:>J> (P) It, (sa 

^^nmm (B) A^ds^t-r-t^iigizAyii*^. k-*-— 

(donor) tLXm<ttS*li> (ffiS SEBIIF. 

riSLs ii$f«a>^ii{4:]$fiii ooft C5] J ( m) 

t-^^. aa« 5 9 5 « 1 Bfsff. s^JiKx h 
□ -^7xm2 9«m5-i- (Bafo59*5^#) nm. ^ 
2 . it^ms^tifii&mA^'j:^ (p) (osfsiiiiu 

[0 0 3 2] :$:fe^a>%i 3;;i£mi 7a>9its]^si7 
it, (110) -'JvflsiSlll^^aif^lSAlB^^IKotfl 

^tzit$'t6&<ommmiitLxmmLtz {i i oj -u 

COJfcto, SH^fcl*DH^^«jtAvP>/j:SSe3tSB 

■So «£oT. mi sronjfiJKfiS-ei*. *«6iBi=€St5* 

{1 lOj -'J><bffllJfe5S#J»«:jSSB*«aHi:LT 

99x1*, 11111 -i/'JavStSilc^ea 
©'JMbffll* (BP) HflrB^it-LTSltfe {1 1 01 
- ') ><biffl*^#ai«EjSaB*»«Bi: L, ^a>±[zm 

XitS.it'} t^itiJ'J'^M. (GaNl-XPX: O^X^I) 

mm&wn' & L E D ^mm^i. 

[0033] 1 4 WHMU^fig-CI*. ( 1 1 

01 -')>immm^m»^^mi&mmin.xmxtz 

(0(110} -y ><biaiR^tii»f*jSaB*^€>f*, «3feB 

Aifim. mxit, mSi^BP (Sjt«l$4B%3. Oe 
V. »^S»=4. 5 38A) ti:^aGaN 
0.97P0.03 («Jh«iti=2. 7eV. «TS«=4. 5 

38A) st^mizi^c, m±^m<ommio. sev^ 
-r-&snaa>^7ry K (c i ad) B$fli^-c#«. ^ 

f=, s;L^isih»(i@ro (110) -'):yimm^^m»n 

[00 3 4J 'J^^bfflB* (BP) >IS^1t3!)</h* 
<. p]^&l/n]^(0#mi±a>«$aB«<^^tl.^l^/=«>. 

mt>i>, (1 1 01 -•jMbiHig%4^«ft:4saB$m9S 
m±m^tzit9m»^mt LxmTLtzmftm'f-immx 
(110) -')>itmmm^m 



^•SfcMXD^ffi (pad) a«<)!>lSTI=£SL-C«tfiK-r 

P (SH) ^tz\t^-y)i'^T-a (DH) m^fl|JSf§itSP 
*)&r<?^«yK (clad) B«S±l=Efi-r-5o 

Bis«<DLED$«i(a-r«ics#-e#.s. 
[0 0 3 5] ffllxii. (o) $aAnLr>EfL 

/<: (1 1 O) -yMbSljR^^iVffieaBli. «3Klfi± 

BtUru— ya^-f:*— K (LD) $«fi8-r«)fctf)l=fl 
«(jl(f. DH«jfif§5tai±lca35R§ihB^- 

fi. «B*i*fca, -ttisfftt (^h^-f^tt) (cBdW! 

mii¥i»(^B$«B-r'§>o ctDmum^tttiit, 

[ 0 o 3 6 ] 1 6 ©utaj^jB-ei*, ( 1 1 

o) -'):yitmmm^mit^»&mimm^>^<^ hmt 
Lxmxtzmmmi&m^ t.i6jt*T$fltii!c-r c 1 1 -r 
^. y><b«ijts (BP) jkt^&it, iL^&K&^mm^ 
motzHi, mm.^m<nm^m^ (^n im. ±m m 

r<b^!|^#i»«:(DS8liattAnj (19 9 1^ 

s^ioa, (*») smfiisifftaKfi, 1 4-1 7M# 

IS) ) ^jg^ttaic (JiE© r#j»tt:|S# 

It J . 4 9~5lM4»Hi) . 4#l=. p]&-e(StttftO!}ai« 

B$fi!ai=iifiR-e#-5fij^**-r-5. ttoT, 

fcto, M^lnlflBE (BrW, V f ) ©ttl^LED. alLM* 
BBfiimiE (^IS, Vt h) (D^St^L DA<tfce)*4x*<, 
pBO (110) -UX/^bUlRlg^^t^eaBA'^^^ 
a>4i^ hBJil=!ftl+i.p}J^:t-5':;^»a«l*, «S. 
It. *-S«a (Au • Zn) ^#^A^'b«t)«-C#-5. * 
f=, nB<r> (110) -'J><b?l*S¥ai«:|SaBA^& 
t-B±l-(*. * • VJV^-OM. (Au • G 
a) ^ft, (Au • In) XI** 

•ffi (Au • Sn) ^^JSifOA^ASfA^b n»:j-— 5 

[0 0 3 7] ^tz, m^amwioiSLfBiz^mzwimL 

fc. S®ro¥Sttl:Sn-5 (110) -'Ji/^bffl*^* 

»«:tsaB^fijffl-mi*. «3te$-*i-a5«ij:^iS)izsi*-e 

( (») 1 9 90^9fl2 5H36««1)K» 

IW), 10 5-11 7M#Sa) o c<0»4-5St«liH»f 

icfflMWicfiB*i*r«fifc-r« (±IBCD rasBitu- 
¥j . 118-11 9M#RS) o croS«8WaB«fjS$ 
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4. mTLit. <)iyitmfn mmm=3. d ^:lB8^s^F•s 

KSStffl(D«iag<©'>'S< i:t,-SPA< 1110} -'J> 

[00381 ±Ka)*fEeB«)m 1 3 nmm i 7 <r>mt^m 

•6. fidxtf, 1 8<DSgJfi»8l«>7>^tt, * 

<OXg^t-oT«tl«r'#i)o E7(cCT5^-r-5Jn<. StK 
1 1 ±(c^:f6MI=«*5-& 1110) - U ><bffl*3Si|i3l 
i*iSS6;!»&/j:-&«3KeeitBi 2$11^^=LED1 O 

Sffil G±<om (Ag) ^tMir;u5-':7A ca 

aom^^vmmt^^ zii^i)^ m1R^ ia>isaicis 
itfc-att©«ai 4*^ffii 5iz#B-r-5-«^i 7 

LfcSai 3$^jSl 5l=#g-r-5ffi<0-:^(D«S^1 8 
4. *fc. *SIWI::ttcHli. i?)2 0 0/im~|t|3 OO/l 

mft©/hS!LED4,j^fi6-C'#. «tor» ^ic. nmmm 

[0 0 3 9] *f=. LED^->::^s8lM*«8iitit$*tfc 
a[!»©LED^mftWI=M5iJ|c 
■6. *fc. ttaWI=S5iJlc5r-r:i— Kv>^^J*ttL-C 
[0 0 4 0] 



{110) eflB$iB5iJLr<E* {110) -y^^kw 

[0041] :^mmzusia>tmm^tzit»i&Ai!)^ii>tsi 
izm*i^. mm^mmommizwffu d i o) 

■r-S. 4#lc, { 1 1 O) JgSSKl>i-l=. {1/H, 1/ 
K. 1/L) (H. K. Ll^jEOfiSk) 4sai5$#A/-e 

'it ^ I'd: y >^bfii3gm¥9<4:A' & ''j: ^fi«S 

It. ^S^RBII^iRiKLr. gao) (110) 

[0 0 4 2] *||5BIC8SK<0, ^aT?^±»ti^3. O 

±0. ZBVftiisii^m±mm(o>j>itmf^ (.bp) 
It. titmzmi^TSiim±mmim-ri>§&;ftxj& (S) n 

[0043] 

l^t&m 1 ) rX— D- V ( a s - g r o 

wn) tt®r-l*lfaa*±t*:i:Lr'Ei:-5y ><fcffl* (B 

p) m^mwm^misti.tzmmmj&»t)^p>ftyt^^*- 

K (LED) $«|Jie-r-&«#$«llcLT:*:||qi$Ai4in 

{zvifiat^, :$i^mm 1 i={it>-& L E D 1 AommmA 
[o o 4 4] :^mmm i ic0g^i,%3^s^'F'^i£a}iBiBi« 

Jt«:l Bl*, fflK (B) K-:^p» (111) -Si* 
Jga*S« 1 O 1 t LT«fiR Lfc, XtS 1 O 1 ±(C|*, 
h'Jx^^mSR ( (C2H5) 3B) (P 
H3) /** (H2) ^«ffMOCVD5SlCj:y. 3 50 
°Cr-fie:g*-l±fcl^aM*±«:i:-r«y ><b«l5R««H 1 

oz^mmt^tz. ts^mm^ oz<DmmitV3Snmti. 

[0 0 4 5] iSStB 1 O 2a)Sffil=l^, ±|B«>MOCV 

DSfflfies^s^fiifflLr, 8 5 o°c-e. s i fttsoa 

B© (1 1 1) ISaa(cspfT!-iE5ijLfcai5*< {l l 
O) |$aBA^C>/d:•&m>ft:(D {110) -yv^bffljjR 
(BP) A>e>!&4pJKTgS^»^*V KH1 0 3*«BL 
fc. p}^<D^«ia(*T^f:fr>>'i7A (Mg) tU. -t<DK 
— ei/^^)5«l=l*ex-i/^y i?x=:;u-7y*-> 
"t^A (b i s- (C5H4) 2Mg) ^fflt^fc, Tfi»-f ^ 
KB 1 O 3 (D^-V y Taiffilif?! 8 X 1 0 18 c m-Sfc L 
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fro mmitsoonmtLfzo :^nm\mt>i^&»m 

KH 1 o 3 fimS (crack) (DMl^ 'J >^bfi»*aiS! 

gp^ ^ *v KB 1 o 3 omfSL^v^T Lfz^vit. mmm i 

[0046] pM {1 101 -BPTffl^^*:/ KHI O 
3Ji(C(i. ^J^itmm (BP;»^5E»=4. 53 8 

A) iCft^fi^-r^H^SOnff^G a NO.97PO.O3B 
(»^Sa=4. 5 3 8A) /»>&«fifcLfc«5tBl 0 4 

^mm^itfzo «i3feBi 0 4$&-rGa N0.97P0.03B 

<D«SffiS®(*. TSiJ-J^^^v KB1 0 3^?S'rBPBa® 

0 {1 1 01 &&m\z^fT{z^mLtz. (1 1 01 

jfi^fz. nJ^<Z)K-A>hi:Lr^* (Si) ^^Ap-T 
^Ci:rrj:y^ ^5tBl 0 4a)4r-VUTaS(*3Kl1 x 1 
Ol7cm-3|ci)|SLf=o ^*B1 0 4(DBffI*3Kl1 2 O 

[00471 nJ^GaN0.97PO.O3«3tBl 0 4a>a® 
J:SE<DMOCVDSlS^lC<|:y nJ^OBPB/)^ 
f,>S*±»^^^:/ KBi 05*«BLfco ±ep^^-y K 
Bio5ii. ^3tSi o4<oa®(c**LrSit:^iS]ir 

(1 1 01 Isas^fiBLT/d:^ (1 1 01 

hf4]i* (Si) tLx. ^-^'JTmmitifna x ^ o^e 

cm-3(clSSLfio mmitao nmtLtzo 8 5 O^'Ci: 
«:g^S^f^— t LTiSBL/tp}^ {1 1 0} -BPT 
aj<?^*y KBI 03. nJ^G a N0.97P0.03«*B1 O 
4. RXSnm (1101 -BP±&^^y Kg 1 O 5*^ 
^pnm-^m^ZfjU^^n (DH) fllatOa§3teffl*f^^ 

tfco 

[0 0 4 8] _hSP^^*V KSl 0 5±(Zli. R}^(D^iS 
a«l 0 6*E«L/co 0 8li* • >f>U"7- 

't^A (A u 9 5SS% • G e 5911%) M^Mmmti^^ 

m^Ltzo ^mmm^ 0 6(Ditgi*i 2oumti.fzo 

^tzs pft^S i Sffil O 1(DS®a)BS^®|C(i. pj^:i- 

pJ^:i--5-V<7aai 0 7(*7JUS-';;A (A I ) Jlffi 
S6«K;!)^t»«^aLfco s i msssSfii o 1 $ [21 

[0 0 4 9] ^jsmiii o 6 tpm:t'-'Zv<?m^'^ o 

7 tOmzmyjl^iZZOZ^JTl^^T (mA) (DftftS 
aE*ii3ELfclB(Ofl**'Dift«r*3Ki4 1 5 nrnt^Bro 

/co -m^ts:m^m^mmLxm^^*ih^vzf (ch 

1 p) ttfi|-CO)SS(*$?l8 5 U^>^^ (mcd) 

fco I -v^#tt)E^^^)«^^)fcIra:^^plmiE (BtB. vt) r* 

$tl3. 6V (lll:SlSim3S=2 0mA) ir^So/cp ^/c. 

iai:&iP3ma(*$?)8 V (ifi*ipjaaE=i 0/i A) -rja&y. 



ffimso LED $ ttfr <> 
[0 0 5 0] immmz) i^S(7)®jg»a>jss®$i^a 
r«*iga<oy><bi«« (BP) ^¥»ftB^^fitLfc 

«B«5H*)b^t,fl«4r^;l— K (LED) ^WJiKLfco 

^sejfiw 2 xit. ±K(ommm i <t i^»a)Ei i ic^f « 

afia)aB«ig»>b^t» L E D5«jaLfco 

[005 1] *iisfic«2-ei*. y> (p) K-:^nj^ 
(1 00) 2* (o f f ) S i ^«SS*S«^Lr 

mmLfzo m&Wi±\z\t. hux^^utisg ( (C2H5) 

3B) ( (CH3) 3Ga) ^Tt^T. 

> (PH3) /** (H2) ^SSlEMOCVDarcJ: 

y. 5 5o'c-efifcfi*-tJ:f-*«aa*±»:^f ^TvK- 
z^Tjnfl^ajy^^bifflsi- ^'y^^ixSSB^itaL/co M 

OCVDjafifta)JE*(*3Kl6 X 1 04/<X*;U (lE*^ 

fi: Pa) izWi^Ltzo mmitma nmtLtzo >it 

mm-is^j'^M.M^cDmm (b) mmitit. s imssa 

(«T^»=5. 431A) StelCft^S^r^O. o 
2 (B0.02Ga0.98P : »^Sa^5. 4 3 1 A) (CR 

[0 0 5 2] y >^bffl* • ^'yt^A (B0.02Ga 

0.98P) mo>mmmfLtz». ^m^7ts7.y^> (ph 

3) <tT;U=r> (Ar) <t:(OS^»fflSl (PH32. 5i* 
a%+Ar9 7. 5i*iBI%) ^-tf. 7 5 0^CIC#SL 
tzo 7 5 0°Ca)-^a*"C1 5»M. «l#Lfco C<Dj» 

^aiiccfcy, Bo.o2Gaa98PB$ {1111 sa®a 

(3 1 1} m&mi^t.^^m&<DmmmttsLtzo 
[0 0 5 3] ^iz^ »ffiB(Das$±S5a)y Mb^ia* 
#t;^stt**^»ii»i^-c9oo"ciz±»$iJ-fro mm 
mommzit. ±sBa)MocvDSi«fi!cS^^fcj:y. 
s iS«a)a®<7) (10 0) i&&m\zW'i7\zm^\Lfzm 
mt< I1 101 ea®*^^>3S:«uMbffl!iR- #yoA 

(Bo. 98G aO. 02P) ^^-5 n J^TSU^ ^ KB^W 
BLfco nj^ II 1 01 -B0.98G a0.02PBl*. 9 0 
O^'C. jafif*<DE*»8 X 1 O^P B(DikWTXma,L 
fzo nB^iffimtmm (Si) i:L. -tCDK— 
*4(clii;i/^> (S i2H6) if(*aS^5^^I^LriKl5 
0vol. ppm^t;4c* (H2) ita>S^*'X^ffll> 
f=o TfiP<7^-vKB0!)+-vyTaS(**?I2x 1 0l8cm 
-3^Lfco B»(*8 0 0nmi:L/io 

affla*%-r^*isaa)««s*T*6B4tLfcfci6. t 

7 *y KBl^ait (crack) a>«lll^ y V^bfflDl - 

ii')^j^(Dmmmt^ihmfS.x^fzo ^tz. :$:mmm2{z 

flc+itf. 12 2 01 |ga®35^t>a)x«[5}Sre-<7<7)Kfi 
I*. 3ei6«i1<DTfi|l^^^*> KB$««-r* (1 1 01 - 
y ><bfil*B«fcy t«l1. 2f&S5lx4ia>i:3Sofco * 
fr. nj^ II 10} -B0.98G a0.02P8a>Sa'T?(7)« 
JhStifi. ^B:&&^U^m2 5nmtL. V/ I I I 
it* (=PH3/ ( (CH3) 3Ga+ (C2H5) 3B) m 
m*) ^4 5t{.X^mLtzfztb. OeVtU 
r>fz. 
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[0 0 5 4] n)i$ {1 1 O) -BO. 98G a0.02PTSU^^ 

^•>KS±lc|*. B0.98Ga0.02P (»T-S»%4. 5 
5 7 A) l=:»^fi$-r-S3i^S«)n»G a N0.95P0.05 

IB m=r-m»=A. 557A} a^^m^i^tzn^mim 

TfflJ-i^^'y KB^^f^BO. 98G a0.02PBSffiro {1 1 

01 jass(=qi(T(-E5ijLfc, I1 1 oi ^gsaJ!l^e>± 

0) K-/0 hi: LTS« (Si) ^^AdLT. m^MOi 

niftmommitt^ i o o n mt ufc. 

[0 0 5 5] nl&Ga N0.95P0.05fE3K9(DSSJ:l= 
li. ±|E«>MOCVDJ5l£^JcJ:y p)^<OB0.98G a 
0.02PBA^f>'Et-5±fi?^^-v KB^aSLfc. -h8P^^ 
KBI«, ll3feB0>SSI=}ttL-CSlt^(p|l= (110} 

$€@a$fiBLr>u-& (110) fsgs^^-r^jssn 

A^&«fiRLfc. p}&© K— hl*-7y^>>'5A (M 
g) t{.X. ^r-V'JTaSttiaAx 1 0l8cm-3|=gSfi 
Lfc. HI»l*2 0 0nmtLf=. pJKdIO) 
-B0.98G a0.02PSCD^S-C<D^lh»*il*, f&^&S. 
$S«^$?12 5 nmt V/ I I I It^ (PH3/ 
( (CH3) 3Ga+ (C2H5) 3B) ««81i:*) *4 5 

to, B0.98Ga0.02P-tffl^^>y «3fe$^ffl« 

fc. goCcirfieSSS^P-iiLrfiEKLfcnJK (1 
10) — Bo. 98G a0.02P'PSJ'i' ^ KB, nJ^GaN 
0. 95PO. 05*3tB. Stlfpfl^ (110} -Bo. 98Ga 
O.OZP-tfiS^'^ry KBA^&P n»*3ay:?JU'N7^P (D 

H) «je«)fl3tS|5^1^fiftLfc. 

[0 0 5 6] J:SiS^7 ^ KB±I-I*. RJKO)^— 5 
1£dlSfB«$SSLf=. ii&nmit^ • 3Etfi ( A u 9 5 

3«% • z n 5ss%) n^mmma^ihmfitLtz, 

D^WfiRLfc. nj^^— 5 v^7mai(*T;U£-':7A (A 

I) ■T>^=E> (Sb) ^#<Djt^ai«K*^t>«tfigL 
fc. iSP'i^^ 'y KB^JSr (1 1 01 -Bo.98Gao.02 

pssBo) [110] <s«:^iRir=s|iftizSBaLT, -in 

$«i?l3 0 0//mi:-r-6iEi5«J©^-y^ (chip) t*: 

[0 0 5 7] ^mmmtnm^—Z'v^/mmomzm^ 

|S]|C2 0 aUTV^T (mA) ©SSf^mSS^ ffiSS LfctS 
©S§3t4><D«fil4«?l4 7 O nmi>Ej:-3fc. -flaMtfa^ 
Sl*fil«LTa(S*4x-S5^-y^ (chip) ttlB-e©® 
SI*|t|8Sg^>'r7 (mcd) ^)&:<'J, ffifejfe^ftO) 
L E DA<fig«t$*vf=o I - V«14ANP,««)fc)ll^l6)®E 
(BtW, Vf) l*iKl3. 5V ()ll:^lSim35=2 0mA) 

0/<A) T*&tJ. UmE.<Ol.EDiiK^mtiiXtz. 



[0058] (|g»S«l3) (1 1 0} €affi$«-r«'j 

>^b?ii!!iR (BP) ^mt^m^mf&mtiri^mw^mm: 
s.m&tt, (1 1 0} ^as$«-r•&ms{4:«>BPB/l^ 

& «<&»ffiB ^ Lf=«IB«lifii«:A^ & L E D ^mat 
Lfzo :$:|lt&^3(0LED3 Aa>llTS^)S$@2l-^^ 

Mic^-r . sijficii 1 i-SHfE<D L E D 1 A t m—o>mms 
mz-oi^xit, Bi2T?i^-<o?j#$f+-r. 

[0 0 5 9] *SIJIfi«3-CI*, fiSft (S) K-^nJK 
(100) 2° ;l-:7 (off) '}>iti}>)OJ* (Ga 

P) meS^Sffil O 1 iLTfiJfflUfc. ««1 O 1± 
h«JI^;Hi|* ( (C2H5) 3B) /h'jy^yU 
ii'J'^Jx ( (CH3) 3Ga) //I^X^-f > (PH3) / 
(H2) 3g3aiEMOCVDiSIZj:y, 4 5 O'C-CBK 
S $ -a-fc ^ISS t r -6 T > K- n J^<0 "J 
inm- (BxGa1-XP : O^X^I) liflliB 1 

0 2Slt«Lfc. MOCVDfieS^a)IE*l*t<)6 X 1 O 
4/<;^*jU (EE**t4: Pa) IctStSLfc. BJ1I**«1 1 
2nmi:Ufco 'J MbfllJft • *r»J Asia (BxGai-x 
P) (Omm (B) jflfiEtt (=X) (i, »Sl O 1 (DG a 
P*jSS (»^S!a%5. 4 50A) i:*«tt:BP (4S 
^S«=4. 5 38 A) i:<D(t>K<7)»^^«$W-r-5 
O. 5 0 (B0.50G aO.SOP : 4&?-£ft%4. 9 94 
A) tzSSLfc, 

[00 6 0] 'J MbffljR • ^'U-t^A (BO.SOGa 
0.50P) ^ISAtiSBl 02 ±1=14, SS)!i< (110) 

«s®*''e.<j:-5SS5 (s i) ii—zfnm')>itmm (b 
p) ismm (+-v'jTai«=i x i oiscm-s, mm^ 

9 50nm) 1 0 8*«»*^*fc. {110}-*«i*: 
BPttfBBlOSli, JiSB(03SGEIVIOCVD^»l=^ 
y, 8 5 O'C-CJ^fieUfc. 

[006 1] ^ISati»Bl 0 8±(=I4, BP^^I O 
9a^, Si \i—-:fnf&mtiS*J'^J* (GaN) m^A 

»^ 1 o 9 b tt-^ihmns.Ltz^^mii^^mf&s.stm i o 9 
^wftz. s.flte^^ o9^m^T?>Bpmm'\ 09 at 

GaNXISl 0 9b<0mtHtiSStlt,ff35 2 nmtl.tzo 

^-v ') 7msLitiss*i(DMm 1 o 9 a , 1 o 9 b * 

$«I1 X 1 o18cm-3i:Lfco SWfitI 0 9I4, (11 
O) -B P$i9iB 1 O 3a>Sa±IC, GaNj«JSl0 9 
bt (1 1 Ol -BPaiDII 09at*«$*^fc*{4 

«B«is$ 5 mmzmmtsittzJmmmm'^ i^mis. ctz, 

(1 1 01 -BPjIfflll 09 a±l=l*, ±iea)MOCV 
Deserts y, 8 5 0°C17»«tt:<7) (1 101 -BPtt 

aHA^e.^^^BM (TS?i;7*>K) »io3$«bl 
fzo TSS^ ^ KB 10 31*, rtSaiS^S^ l 
OnmfcU, V/ I I I (=PH3/ (CH3) 3 

Ga) tt^* 3 51-SSLrj^lSL-C, ^SOTSih^tg 
$$53. 1 eVtf -S^JlffO) (110) -BPJSSB 
A^C.«lfiKLfc. S i K-::^n»Tffl<?7-y KB1 03<D 
4r-V y TMSLlttH 2 X 1 0 18 c L, BJVIlt^ 4 O 
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0 nmt Lfco 

[0063] nB (1 10} -BPTffl^^^V KS 1 O 
3±\Zit. *«i*BP (tS^S«%4. 5 38 A) iCtt 
^fi#-r«lt^aa)nJ^GaO,94l nO.OSNH 
a=4. 5 3 8A) )b^t>1iiaLfc«3tBl 0 4^aH* 
#f=o O4(7)Ga0.94l nQ. 06 N BO) jS^SS 

TSP^^^V KH^Jfef {1 101 -BPHfi®(D 

{1 1 o] fsanrwiFfrrciB^jLfc. (110) tgas 

UTaije$«?l3x 1 Ol7cm-3|afiLfco mtz. 

1 0 4a)BJl(i$5l OO nmtLtzo 

[0064] nf{$Ga0.94l n0.06N%5teBl 0 4(0^ 
®±|Zf*. ±IB<Z)MOCVDSJt^(Zflcy, 8 5o*t?-e 
pJf^a)m«f*BPH)!)>P>Jti:-5±SP^^*y KBi 0 5*a 
BLfco ±a5^^*>KBl 0 5(i. ^3tBa)S®lc*fL 
•CSE^lRJlc {1 1 O) ea®*«BLT<i:* {1 1 
01 -18a»3^^^P>«^aLfco pJ^cDK-/<>H*T<f* 

vr^^A (Mg) <hLr. ^A'UTaiSfiiKlS X 1 0l8c 
m-3|CliSLfco BJl(*3 0 0nm^Lfco pl^ 

{1 1 01 -BPBa)S;:a-c(D«jh»«tt. jasais* 

S^J'$?)4 O nrriit L. I I I it^ (=PH3/ 

( (CH3) 3Ga+ (C2H5) 3B) flttetb*) $4 5 

ttj:r>tzo :i(Dtzi^. {11 01 -BP±SS^^*:; KB 

1 0 5(i. ^%i^&^m§^yji^\zmmiri,tzisb(Dm9tm 
m^mtLxi^mmv^tzo 8 5o°citjas;as$i^- 

tLxatm\^tznm 11 1 01 -BPTSP^'^-y KBI 
03. nJ^GaO.941 nO.06N«3tBl 04. RlSpB 
{1 1 01 -BP±SP<7^*> KBI 0 5A^P,p nffi^M 

y:^;u^T^p (DH) «jfia>«*ffl*}I^fiKLfco 

[0 0 6 5] 1 1 1 01 -B PJig^^^^y KB 1 O 5 Ji 

- (A u 9 5aS% - Z n 5aS%) K^IS 

tzo ^tz. nJf^Ga P«tea)S®a)lS±®lCfi. nm:t 
-5*y<7a«SiBaL-CLED3 A^W^Lfco nj^:t 
-5*y<7«af*& (Au) (Ge) 
a)Jl^SI«K;b^t,«n^Lfco ±SP^^':; KBI 0 5$<f 

-r {1 1 01 -BPjsao) [110] jsa*fPi(c2|itTir 

(chip) tULtzo 

[0 0 6 61 '^mmmtnm:t-z-j<?mm(r>m\zmy5 

iaj(C2 0 5UT>'<7 (mA) Oft^Sat^ ji35 LfrPg 

a)«**'Dafiiitt4 7 0nm^3tj:ofco -«»>B:a» 
^^mmLxmrn^H^^^y (chip) «s§r-a)» 

gl*J?l8 S U*>T^^ (mcd) tU^). S5«*^Sa) 

L E D*<si«**ifro I -vnm^^^i^fzmfjf^nK 

(mm. Vf) (*$?I3. 5V (Ili*[fi]a3S=2 OmA) 

ttji-Dtzo a!*iPiaiEii$?j8 V (5£»iRimai=i 



On A) -efcy. S5iBiEa>LED}b<ffl«s*tfco 

[0 0 6 7] (IISSC54) { 1 1 01 ea®)5»^^3S:4U 
><bfll« (BP) ^*3H*B*a35»^B^LT. * 
fz. ««=i>4i^7 hBitUraii-rSU-Ify^;!— K 

(LD) ffl^(7)«B«it(**«JaL/io *55tfi0!l4a)a 
B«ai»4B<7)Brffi«ig$E13lc«SM(r^-ro mi* 
fcl*Se«lfi!l3lCEaa>LED 1 A. 3A^|^-a)«nfcS 

[0 0 6 8] 8IB«3Sf*4B(*. 7'>5^^V (Sb) K 
-ZfnB (100) 2' :i-:7 (o f f ) (S i ) * 

iSa$fi«1 O 1 ^LTWfiKLfco ««1 O 1±|C|*. 

h'jx^;u?llft ( (C2H5) 3B) /h'J>5^;u**U'> 

A ( (CH3) 3Ga) /7t^X:7-f> (PH3) 
(H2) (IBS^ftffi) MOCVDgfelCcky. 3 5 

o''cxf&Sii±tz^mmi±»t^^7> [:-:fx nm 

O'J^itmm • (BxGa1-XP : 0<X^1) 

»«B1 0 2$jtaL/i:o BfffiiKll 5nmi:Lfco U 
><bffliR- ^•U'^ASa (BxGai-xP) <Z)ffl« (B) 

ffljait (=x) (i. «Si o ^(DS \ (*&^«« 

%5. 43 1 A) irtl^S^-r-SO. 0 2 (B0.02Ga 
0.98P :»^S»^5. 431A) IcSSLfco 

[0 0 6 9] lfaMa)gMk?ffliR ■ (B0.02C3 
a0.98P) ISffiBi 02(Dmm^n?Ltz^. tiSB 1 O 
2*7t^x:7^> (PH3) t&m (N2) i:<Z);1^SiH» 

(PH33. 0i*a%+Ar9 7. 0(*a%) 8 
5 0''ClC^;:aL/co 8 5 0"C<D-^;:gS-C2 O^^'FbI. « 

j$L. i^asa)Bo.o2Gao.98PB* {111} isa^ 

{ 3 1 1 1 ISaiS^dtr^eacoffiflrB 1 o 2 ^/cj: 

[0 0 7 0] *)>itmm' ii^J^yM, (Bo.02Ga 

0.98P) »eaiS9rBi o2Jirc(^. (1 1 0} fiais 

^wr^^lR (s i) K-::^nj^u >^biffl* (bp) 

aiilfiB (+-VU7aiJS=1 xl0l8cm-3. B»%6 
5 0nm) 1 O 8$aB*-ar/ro {110l-**«:B 
P«aBi 081*. ±Ea)ttEEMOCVD^«(rcfey, 

8 5 O^'CXJ^fSLLtzo 

[007 1] i99rBi 0 8±\z\t. ±IB<dmocvd^ 
aiz«y. 8 5o*fe-e^««:a> {i i oi -BPisaB 

ti^k^ts^mm (TSP^^*:/K) B1 OS^aBLfco T 
^ KB 1 0 3 f*. ^IC. iaSi$S*S» 2 5 n m 
tL. V/I I I (PH3/ (CH3) 3Ga) it 

^^SOlciftSL-CJf^iSL-C. ^;Ua)^ih«i®$jKl3, 

1 ev^-r^m«f*o {110} -Bp^^mt^^mnt 

Lfco Si K— ^nJ^TSP'^^^^V KBI O 3a)^^UT 
aiSli«t)2x 1 0l8cm-3<tL. BVI^l^SOOnm^ 

[0072]n}|^{110l -BPTffl<7^»y KBi O 
3±(C|*. m«»:BP (»^S«=4. 538 A) IC» 

^E^-r*3S::;^a(Z)n}f^Ga N0.97P0.03B («Tsa 

%4. 5 3 8 A) 3b>t>««Lfc«*Bl 0 4*«B*1i" 
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tzo fSytSl 0 4(0G a N0.97Po.03Sa>eaSSt. 

TS|5^»^>v KB^^f-r (110) -BPHSSO) {1 1 
01 $SSBlC7fTlC£$lJLfc, (110) <SSci/l^&± 

I*, nJfgODK— /^Vht UTS i ^^ADUr, =^^>)7 
aS^««11 X 1 0l7cm-3|C|SSLfc. «3tH 1 

0 4<0BJl(d:$^9 5 nm^L/!:o 

[00 7 3] n)&GaNo.97P0.03%3KBl 0 4<0S9 
±l::(*. ±iS©MOCVDSt6SlCt&y> 8 5 0°C-ep 
i&o>mm»BPmii^^tj:;S,±&^^':, KH i 0 5$«|g 
Lfc. ±«^7^'y KH1 0 51*. J63tRi<oaffil=«L-C 
Slt^iailc (110} ISSa^BaLT/j:^ (110) 

ttT^f A (Mg) tuT. 4r^uraai*tt2x 

1 0l8cm-3|riaSUfco BJKia O O nmi: Lfc. ^ 

fc, pjK (1 1 o) -Bpm0M^^X'a)m±^m^t. fS. 

§kA&im^if32 5 nmtL. V/ I I I (=PH3/ 
( (CH3) 3Ga+ (C2H5) 3B) ) it^^SOtL 

•otzo seo'ctfifcSsasi^-iLrfieMLfcnjg 

(1 1 01 -BPT»</^-y KB1 03, n»GaN 
0. 97 PO. 03S6JtB 1 0 4, St/pJ^ { 1 1 01 -B P± 
SS^?^':/ KBi 0 5A^^>p nft^M5'':'^U'^-f-P (D 
H) «tiSa>fl3%flt$]{$fieLf=o 

[0074] (1 1 01 -BP±giJ^7^-v KB 1 O 5± 
IZlt. ±lE<0MOCVD^»ICt&.y, 85ot-eK3R 
(O) * K-lf>^^Lf=S«til© (1 10) -BPISS 

min3i»^m^ i o^u-c»B$-ij-f=. k^^ad (i 
1 o) -BPiesBtt, RfciSB^ic, mm (02) 

L-C$*) 1 O V o I . p p m-St!7)l'^> (A 
r) i:<7>a^*X«fflL^rf*«Lfc, «S![tt*B 1 1 O 

(SIMS) |C*y««)3 X 1 018)1^/ cm3tS»$ 

tifc. ^t=, ssKtt^Bi 1 oit. ismm (it«iA) $ 

$t|1 02;J— A • (Q • cm) fT-S 

(1 10) -BP^afi^b^^^ALfc. Bi¥l«$^5 0 0 

nmi: Lfco 

[00 7 5] S3Slfe«Bl 1 0$Ji»^Lf=Sl, i4:e<o« 
lie(=KSLTag!E«^B 1 1 0$T;Ud^> (A r) 
^> (CH4) /*JR (H2) i6^^X-7X-v^>^/^afelc 
J:yHE3&Lfc. SSSft^Bl 1 0'&»*LtziSmit. - 

^tzm-i (1 997*1 ofl30H, (») jsmit 
n^tnf&mem) , i o~i iM#Ba) <du— y'^f-r:*- 
-K (LD) $«fie^*fc»fl)»ttBa (ia*i*-r) * 

Kl+-5^^^«E<DT:^<DW«fiiai 1 liriaSLfco « 
SiEitt^Bi 1 o$K{*Lfc»ttl|lSei 1 1 l-li, {1 1 
o) -BPttSB*^&'&*±aPf KB1 osoJSffi 

[0 0 7 6] ±SP^^-> KBi 0 5®fiffl$Sm*-t*-fc 



»«««i 1 1 1 1 **KH=tt^-e**iPi 
uTSia*i*fca35tt^Bi 1 ooasf, pjKwat^b 
'j^itmm (BAso.05po.95) MSB-cttaufc. 

(110} -BA S0.05P0.95J1SBI*- (C2H5) 3 

B) /T;1''>> (AsH3) (H2) (BS:^ 

StE) ) MOCVDJfel=J:y, 8 5 O^'C-CfiKS^-a-fc. 

*-5-y^7itaffia« (ia*i4-r) *»fiK-r-5fc«>©a 

«a>*^ KBI 1 2i: LTfilfflLfcBA so.05P0.95 
;iaB<0=tA''JTaglittl2 X 1 0l8cm-3i:L, BV 
(iJS<|1 5 O nmi: Lfc. )*l±lcj:y, U— tP^f-f ;J-- K 

(LD) fflji<D«B1i]tf*:4B$«|fieLfc. 

[0 0 7 7] 

#ti-ri-, i^R'SSBB^ts-a-'i. (1 1 01 a>-s«)sffi 
»$«-r^ y ><btnjg%4^iili^isi&B^fijffiLriRB^ 
jt»*i«ja-r«citLfcfl>-c. »BBic*yj«fiEi=*^ 

[0 0 7 8] :t^n^iz^tnt. ^£a>jssa$i^ 
-s (1 1 01 <»-ffi<os»a*«-r-5 y MbwsRis^Hji 

jSSB ^ii ^ fcAB^itft: ^ . 

[0 0 7 9] :$i^mz^Hit. ifas*fc(±^jafia)y 
>ibtffl*s#a«*B A> €> * i&mmiitr i^tizj: 

ffiftairttS-a-ri::, eSK'SSBB^td-t*--!. (1 101 

-sa>si»«*«-r-5 y ><bffl5R^itiiii<*@aB«ffliji 

fc«B«Jt»A^&«6*«^ * C 1 1 Lfc©T?, 
[0S(OffiiL«K^] 

1 ] mmm i l e Do>Krs«^@-T*&<&. 

[02] 3llifieil3(-ISttOLED<©BiSSSCE-ej5-5, 

[0 3] m^m4iziRn<D\-Dmm<Dmmm&w<r>mm 

[04] :*:%qQI=ffi43-&y >^bfflX%lSaB$Mfie-r-& 

(111) m&tstmm^mmmsto)Wi9ia>s6m^nk 
-rfSSBa>ifram^0-)?&^. 
[05] (1 001 -s i m6Ai£«Jia> (1 1 01 - 

[06] (1 1 11 -s im»Aft«±a) (1 1 01 - 
yMb{njR%^i»ft:ftaB<7>x«agi»TX^^ hiu^ii-eft 

[»^roiftlB3 

1 A, 3 A. 4 A, 10 niftm^ (LED) . 
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4$Bfl2 0 0 3-2 2 9 7 1 



4B u— 9»4r>r;j— K (LD) mmmmm^&w 
1 1 mis. 

1 3 SBfli9« 

1 4 

1 5 ^iS 
1 6 Sgft: 
17.18 

1 9 it±mm 

1 O 1 m&&&iSi 

1 o 2 ns,9^tcit^&ammm 

103 T»^77«vKli 



1 O 4 fSj^B 

105 ias^'^yKH 

1 o 6 mmmis 

1 O 7 SSS«E 

10 8 >J >jb9K3^^^i»{*ii«iB 

1 o 9 i¥-m»^mf&s.stm 
109a s.istmimf&-r^GBNmm 
io9b ssttt$ii«-r-& {1 1 o) -BP»iB 

1 1 0 m^m^m 

1 1 1 m^nts. 

1 1 2 «tt=)>9 9 hB 



[Eai] [B2] [B3] 




1 g.1 



14] 



: u >«a»Mia«> 1 1 1 0 1 wan 



[05] 




(16) 



<#|B2003-2297 1 




F$r— A(##) 5F041 AA40 CA04 CA34 CA57 CA65 

CA85 CA87 
5F045 AA04 AB15 AC01 AC09 AC19 

AD07 AD11 AD12 AD13 ADM 

AD15 AD16 AE29 AF03 CA10 

CA12 DA53 
5F052 AA11 DA04 DBOl KA01 KBOl 
5F073 AA13 CA07 CB02 CB13 CB19 

CB22 DA05 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

O^LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



